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Description 

FIELD OF THE INVENTION 

5 [pool I The present Invention relates generally to methods and compositions for treating thrombosis. More particularly, 
it relates to modified annexin proteins and to their use. 

BACKGROUND OF THE INVENTION 

w [0002] Thrombosis-the fonnation, development, or presence of a blood clot (thrombus) In a blood vessel-Is the most 
common severe medical disorder. The most frequent example of arterial thrombosis is coronary thrombosis, which leads 
to occlusion of the coronary arteries and often to myocardial Infarction (heart attack). IVIore than 1 .3 million patients are 
admitted to the hospital for myocardial infarction each year in North America. The standard therapy is administration of 
a thrombolytic protein by infusion. Thrombolytic treatment of acute myocarclial infarction is estimated to save 30 lives 

'5 per 1000 patients treated; nevertheless the 30-day mortality for this disorder remains substantial (Mehta et al., Lancet 
356:449-454 (2000). It would be convenient to administer antithrombotic and thrombolytic agents by bolus injection, 
since they might be used before admission to hospital with additional benefit (Ftawles, J. Am. ColL Cardioi. 30:1 1 81 -1 1 86 
(1997)). However, bolus injection (as opposed to a more gradual intravenous infusion) significantly increases the risk 
of cerebral hemorrhage (Mehta et al., 2000). The development of an agent able to prevent thrombosis and/or increase 

20 thrombolysis, without augmenting the risk of bleeding, would be desirable. 

[0003] Unstable angina, caused by Inadequate oxygen delivery to the heart due to coronary occlusion, is the most 
common cause of admission to hospital, with 1.5 million cases a year in the United Slates alone. V\^en patients with 
occlusion of coronary arteries are treated with angioplasty and stenting, the use of an antibody against platelet gp lib / 
Ilia decreases the likelihood of restenosis. However, the same antibody has shown no benefit In unstable angina without 

25 angioplasty, and a better method for preventing coronary occlusion in these patients is needed. 

[0004] Another Important example of arterial thrombosis Is cerebral thrombosis. Intravenous recombinant tissue plas- 
minogen activator (rtPA) is the only treatment for acute Ischemic stroke that Is approved by the Food and Drug Admin- 
istration. The earlier It is administered the better (Ernst et ai., Stroke 31 :2552-2557 (2000)). However, intravenous rtPA 
administration is associated with increased risk of intracerebral hemorrhage. Full-blown strokes are often preceded by 

30 transient ischemic attacks (TIA). and it Is estimated that about 300,000 persons suffer TIA every year in the United 
States. It would be desirable to have a safe and effecBve agent that could be administered as a bolus and would for 
several days prevent recurrence of cerebral thrombosis without Increasing the risk of cerebri hemon-hage. Thrombosis 
also contributes to peripheral arterial occlusion In diabetics and other patients, and an efficacious and safe antithrombotic 
agent for use in such patients is needed. 

35 [0005] Venous thrombosis is a frequent complication of surgical procedures such as hip and knee arthroplasties. It 
would be desirable to preventthrombosis without increasing hemorrhage into the field of operation. Similar considerations 
apply to venous thrombosis associated with pregnancy and parturition. Some persons are prone to repeated venous 
thrombotic events and are currently treated by antithrombotic agents such as coumarin-type drugs. The dose of such 
drugs must be titrated in each patient, and the margin between effective antithrombotic doses and those increasing 

•<o hemon-hage Issmall. Having a treatment with better separation of antithrombotic activity from increased risk of bleeding 
is desirable. All of the recently introduced antithrombotic therapies, including ligands of platelet gp lib / Ilia, low molecular 
weight heparins, and a pentasaccharide Inhibitor of factor Xa, carry an Increased risk of bleeding (Levine et ai.. Chest 
119:108S-121S (2001)). Hence there is a need to explore alternative strategies for preventing arterial and venous 
thrombosis without augmenting the risk of hemorrhage. 

45 [0006] To inhlbitthe extension of arterial orvenous thrombi without Increasing hemorhage, it is necessary to exploit 
potential differences between mechanisms Involved In hemostasls and those involved in thrombosis in large blood 
vessels. Primary hemostatic mechanisms indude the formation of platelet mlcroaggregates, which plug capillaries and 
accumulate over damaged oractlvatedendothelial cells Insmail blood vessels. Inhibitors of platelet aggregation, Including 
agents suppressing the fonnation or action of thromboxane A^, ligands of gp Ha / lllb, and drugs acting on ADP receptors 

50 such as clopidogrel (Hallopeter, Nature 409:202-207 (2001)), interfere with this process and therefore Increase the risk 
of bleeding (Levine et al,, 2001), In contrast to microaggregate fomiatlon, occlusion by an arterial orvenous thrombus 
. . requires the continued recruitment and incorporation of platelets Into the thrombus. To overcome detachment by shear 
forces In large blood vessels, platelets must be bound tightly to one another and to the fibrin network deposited around 
them. 

55 [0007] Evidence has accumulated that the formation of tight macro aggregates of platelets Is facilitated by a cellular 
anda humoral amplification mechanism, which reinforce each other. In the cellular mechanism, the formation of relatively 
loose mlcroaggregates of platelets, Induced by moderate concentrations of agonists such as ADP, thromboxane Aj, or 
collagen. Is accompanied, by the release from platelet a-granules of the 85-kD protein Gase (Angelillo-Scherrer et al., 
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Nature Medicine 7:215-221 (2001)). Binding of reieased Gas6 to receptor tyrosine Itlnases (Axl, SIcy, IWer) expressed 
on tiie surface of platelets induces complete dagranulation and the fomnation of tight macroaggregates of these cells. 
In ttie iiumoral amplification mechanism, a prothrombinase complex Is fonned on the surface of activated platelets and 
microvesicles. This generates thrombin and fibrin. Thrombin is itself a potent platelet activator and inducer of the release 

s of Gas6 (Ishimoto and Nakano, FEBS Lett 446:1 97-199 (2000)). FLflly activated platelets bind tightly to the fibrin network 
deposited around them. Histological observations show that both platelets and fibrin are necessary for the formation of 
astablecoronarythrombusin humans (Falketal. Interrelationship between atherosclerosis andthrombosis. In Vanstraete 
et al. (editors), Cardiovascular Thrombosis: Thrombocardioloqy and Thromboneurology. Philadelphia: LIplncott-Raven 
Publishers (199B), pp. 45-53). Another platelet adhesion molecule, amphoterin, is translocated to the platelet surface 

"5 during activation, and binds anionic phosptiolipid (Rouhainen et al., Thromb. Hemost. 84:1087-1 094 (2000). incorporated 
herein by reference). Like Gas6, amphoterin could form a bridge during platelet aggregation. 
[0008] The question arises whether it is possible to Inhibit these amplification mechanisms but not the initial platelet 
aggregation step, thereby prevenfing thrombosis without Increasing hemorrhage. The Importance of cellular amplification 
has recently been established by studies of mica with targeted Inactivatlon of Gas6 (Angelillo-Scherrer et al., 2001 ). The 

IS Gas6-/- mice were found to be protected against thrombosis and embolism Induced by collagen and epinephrine. How- 
ever, the Gas6-/- mice did not suffer from spontaneous hemorrhage and had normal bleeding after tail clipping. Further- 
more, antibodies against Gas6 inhibited platelet aggregation in vitro as well as thrombosis induced in vivo by collagen 
and epinephrine. In principle, such antibodies, or llgands competing for Gas6 binding to receptor tyrosine kinases, might 
be used to inhibit thrombosis. However, in view of the potency of humoral amplification, it might be preferable to inhibit 

20 that step. Ideally such an inhibitor would also have additional suppressive activity on the Gas6-mediated cellular ampli- 
fication mechanism. 

[0009] A strategy for preventing both cellular and humoral ampilfiCBition of platelet aggregation is provided by the 
annexing, a family of highly homologous arrtithrombotlc proteins of which ten are expressed in several human tissues 
(Benz and Hofmann, Biol. Chem. 378:177-183 (1997)). Annexlns share the property of binding calcium and negatively 

25 charged phospholipids, both of which are required for blood coagulation. Under physiological conditions, negatively 
charged phospholipid is mainly supplied by phosphatldylserlne (PS) In activated or damaged cell membranes. In intact 
cells, PS is confined to the inner leaflet of the plasma membrane bllayer and is not accessible on the surface. When 
platelets are activated, the amounts of PS accessible on their surface, and therefore the extent of annexin binding, are 
greatly Increased (Sun et al., Thrombosis Res. 69:289-296 (1993)). During activation of platelets, microvesicles are 

30 released from their surfaces, greatly Increasing the surface area expressing anionic phospholipids with procoagulant 
activity (IWerten et al., Circulation 99:2577-2582 (1 999); Chow et al., J. Lab. Ciin. Med. 135:66-72 (2000)). These may 
play an important role in the propagation of platelet-mediated arterial thrombi. 

[0010] Proteins involved in the blood coagulation cascade (factors X, Xa, and Va) bind to membranes bearing PS on 
their surfaces, and to one another, fonning astable, tightly bound prothrombinase complex. Several annexlns, Including 

35 II, V, and Vtil, bind PS with high affinity, thereby preventing the formation of a prothrombinase complex and exerting 
antithrombotic activity. Annexin V binds PS wiBi very high affinity (K^j = 1 .7 nmol/L), greater than the affinity of factors 
X. Xa, and Va for negatively charged phospholipids (Thiagarajan and Tait, J. Biol. Chem. 265:17420-17423 (1990)). 
Tissue factor-dependant blood coagulation onthesurface of activated or damaged endothelial cells also requires surface 
expression of PS, and annexin V can inhibit this process (van Heerde et al., Arterioscl. Thromb. 14:824-830 (1994)), 

40 .although anneian is less effective in this activity than in inhibition of prothrombinase generation (Rao et al., Thromb. 
Res. 62:51 7-531 (1992)). 

[001 1 ] The binding of annexin V to activated platelets and to damaged cells probably explains the selective retention 
of the protein in thrombi. This has been shown in experimental animal models of venous and arterial thrombosis (Stratton 
et al.. Circulation 92:31 13-3121 (1995); Thiagarajan and Benedict, Circulation 96:2339-2347(1997)), and labeled an- 
nexin has been proposed for medical imaging of vascular thrombi in humans, with reduced noise and increased safety 
(Reno and Kaslna, International Patent Application PCT/US95/07599 (WO 95/3431 5) (published December 21 . 1 995)). 
The bindingto thrombi of a potent antlthrombotlcagentsuch as annexin Vprovidesastrategyforpreventlngthe extension 
or recun-enoe of thrombosis. Transient myocardial Ischemia also increases annexin V binding (Dumont et al.. Circulation 
1 02:1 564-1 568 (2000)). Annexin V Innaglng In humanis has shown increased binding of the protein in transplanted hearts 

so when endomyocardial biopsy has demonstrated vascular rejection (Acio et al., J. Nuclear Med. 41 (5 Suppl.):127P 
'■ (2000)). This binding is presumably due to PS ejderlorlzed on the surface of damaged endothelial cells, as well as of 
apoptotic myocytes in hearts that are being rajacted. tt follows that administration of annexin after myocardial infarction 
should prevent the formation of pro-thrombotic complexes on both platelets and endothelial cells, thereby preventing 
the extension or recurrence of thrombosis. Annexin V binding is also augmented following cerebral hypoxia in humans 

55 (D'Arceull et al., Stroke 2000: 2692-2700 (2000)), which supports the hypothesis that administration of annexin following 
TIA may decrease the likelihood of developing a full-blown stroke. 

[0012] Annexlns have shown anticoagulant activity in several in vitro thrombin-dependent assays, as well as in ex- 
perimental animal models of venous thrombosis (RSmisch etal., Thrombosis Res. 61 :93-1 04 (1 991); Van Ryn-McKenna 
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et al.. Thrombosis Hemostasis 69:227-230 (1 993)) and arterial thrombosis fThlagarajan and Benedict, 1 997). Remark- 
abty, annexin In antithroiDbotic doses had no demonstrable effect on traditional bx vivo clotting tests in treated r^blts 
(Thiagarajan and Benedict, 1 997) and did not signlficanfly prolong bleeding times of treated rats (Van Ryn-McKenna et 
al., 1993). In treated rabbits annexin did not increase bleeding Into asurglcal incision (Thiagarajan and Benedict, 1997). 

5 Thus, uniquely among all the agents so far investigated, annexins exert antithrombotic activity without increasing hem- 
orrhage. Annexins do not inhibit platelet aggregation triggered by agonists otherthan thrombin {van Heerde et al., 1994), 
andplateletaggregationistheprimary hemostatic mechanism. In the walls of damaged blood vessels and in extravascular 
tissues, the tissue factor/ Vila complex also exerts hemostatic effects, and this system is less susceptible to inhibition 
by annexin V than Is the prothrombinase complex (Rao et al., 1 992). This is one argument for confining administered 

10 . annexin V to the vascular compartment as far as possible; the risk of hemorrhage is likely to be reduced. 

[0013] Despite such promising results for preventing thrombosis, a major problem associated with the therapeutic use 
of annexins Is their short half-life In the circulation, estimated in experimental animals to be 5 to 15 minutes (Rdmisch 
et al., 1 991 ; Stratton et al., 1995; Thiagarajan and Benedict, 1 997); annexin V also has a short half-life in the circulation 
of humans (Strauss et al., J. Nuclear Med. 41 (5 Suppl.):149P (2000)). Most of the annexin is lost into the urine, as 

'5 expected of a 36 kDa protein (Thiagarajan and Benedict, 1 997). There is a need, therefore, for a method of preventing 
annexin loss from the vascular compartment into the extravascular compartment ^d urine, thereby prolonging anti- 
thrombotic activity following a single injection. 

SUMMARY OF THE INVENTION 

20 

■ [0014] The present invention relates to compounds and means for preventing arterial or venous thrombosis without 
increasing hemorrhage. A recombinant human annexin, preferably annexin V, is modified in such a way that its half-life 
in the vascular compartment is prolonged. A preferred embodiment Is a pharmaoeutlcal composition comprising an 
annexin coupled to another annexin protein via a fusion segment, The modified annexin binds with high affinity to 

25 phosphatidylserine on the surface of activated platelets or Injured cells, thereby preventing the binding of Gas6 as well 
as procoagulant proteins and the formation of a prothrombinase complex. Modified annexin therefore Inhibits both the 
cellular and humoral mechanisms by which platelet aggregation is amplified, thereby preventing thrombosis. 
[0015] In one embodiment, an Isolated modified annexin protein contains an annexin protein coupled to at least one 
additional annexin protein (forming a homodlmer). The additional protein preferably has a molecular weight of at least 

30 30kDa.Alsoprovidedby the present invention arepharmaceuticalcompositlonscontalninganantithrombotically effective 
amount of any of the modified annexin proteins of the invention. 

[0016] In uses of the Invention, the modified annexin is to be administered to a subject at risk of thrombosis in a 
pharmaceutical composition having an antlthrombotlcally effective amount of any one of the modified annexin proteins 
of the present Invention. For example, the phanmaceutloal composition can be administered after an arterial thrombosis 

35 such as coronary thrombosis, cerebral thrombosis, or a transient cerebral ischemic attack. It can also be administered 
after a surgical operation associated with venous thrombosis. Additionally, it can be administered to subjects having 
conditions subject to arterial or venous thrombosis, such as diabetes, pregnancy, or parturition. 
[0017] Also provided by the present invention are an isolated nucleic acid molecule encoding a homodlmer of annexin, 
a recombinant molecule containing at least a portion of the nucleic acid molecule, and a recombinant cell containing at 

10 least a portion of the nucleic acid molecule. The recombinant cell is cultured under suitable conditions in a method of 
the Invention to produce a homodlmer of annexin. 

BRIEF DESCRIPTION OF THE FIGURES 

45 [0018] 

FIG. 1 shows a DNA construct for making a homodlmer of annexin V. 

FIG. 2 is a plot of clotting time of an in vitro clotting assay comparing the antteoagulant potency of recombinant 
human annexin V and pegyiated recombinant human annexin V. 

50 

■ DETAILED DESCRIPTION OF THE INVENTION 

[0019] The present invention provides compounds and means forprevenfing thrombosis in mammals without Inoreas- 
Ing hemorrhage. The Invention relies in part on the recognition that the primary mechanisms of platelet aggregation are 
55 different from the mechanisms of amplifying platelet aggregation, which are required for the fonnation of an arterial or 
venous thrombus. By inhibiting thrombus fonnation but not primary platelet aggregation, thrombosis can be prevented 
without increasing hemorrhage. 

[D020] Compounds of the invention Indude any product containing annexin amino acid sequences that have been 
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modified to increase the half-life of the product in humans or other mammals as defined in the claims. Where "arnino 
add sequence' Is recited herein to refer to an amino acid sequence of a naturally-occurring protein molecule, "amino 
acid sequence" and like terms, such as "polypeptide" or "protein," are not meant to limit the amino add sequence to the 
complete, native amino acid sequence associated with the recited proteins. The annexins are a family of homologous 
5 phospholipid-binding membrane proteins, of which ten represent distinct gene products expressed In mammals (Benz 
and Hofmann, 1997). Crystallographic analysis has revealed a common tertiary structure for all the family members so 
farstudied, exemplified by annexin V (Huberetal., EMBO Journal 9:3867 (1990)). The core domain is a concave discoid 
structure that can be closely apposed to phospholipid membranes. It contains four subdomains, each consisting of a 
70-amino-acid annexin repeat made up of five a-fielices. The annexins also have a more hydrophilic tail domain that 
'0 varies In length and amino acid sequence ^ong the different annexins. The sequences of genes encoding annexins 
are well known (e.g., FunakoshI et al.. Biochemistry 26:8087-8092 (1987) (annexin V)). 



[0021 ] In the present invention, annexin proteins are modified to increase their half-life In humans or other mammals. 
In a preferred embodiment, the annexin protein is annexin V. One suitable modification of annexin is an Increase in its 
effective size, which prevents loss from the vascular compartment into the extravascular compartment and urine, thereby 
15 prolonging antithrombotic activity following a single injection. Any increase in effective size that maintains a sufficient 
binding affinity with phosphatidylserlne Is within the scope of the present invention. 

.' [0022] In one embodiment of the Invention, the modified annexin protein is a polymer of annexin proteins that has an 
increased effective size. It is believed that the increase in effective size results in prolonged half-life in the vascular 
compartment and prolonged antithrombotic activity. One such modified annexin is a dimer of annexin V. Another such 
20 polymer is the heterotetramer of annexin II with pi 1, a member of the SI 00 family of calcium-binding proteins. The 
■binding of an S100 protein to an annexin increases the affinity of the annexin for Ca^*. Hie annexin homopolymer or 
heterotetramer can be produced by bioconjugate methods or recombinant methods, and be administered by itself or in 
a PEG-con]ugated fonn. 

[0023] Preferably, a modified annexin protein of the invention Is an Isolated modified annexin protein. The modified 

25 annexin protein can contain annexin II, annexin V, or annexin VIII. In preferred embodiments, the protein is modified 
human annexin. In particularly preferred embodiments, the modified annexin contains recombinant human annexin. 
According to the present invention, an Isolated or biologically pure protein Is a protein that has been removed from its 
natural enviranment, Assuch, "Isolated" and "biologically pure" do not necessarily reflect the extent to which the protein 
has been purified. Anlsolatedmodifiedannexinprotelnof the present invention can be obtained from its natural source; 

30 can be produced using recombinant DNA technology, or can be produced by chemical synthesis. As used herein, an 
isolated modified annexin protein can be a full-length modified protein or any homologue. of such a protein. It can also 
be (e.g., for a pegylafed protein) a modified full-length protein or a modified homologlie cf such a protein. 
[0024] The minimal size of a protein homologuaofthepresentlnventionisasizesufflclenttobeencodedbyanucleic 
add molecule capable of fomning a stable hybrid with the complementary sequence of a nucleic acid molecule encoding 

35 Bie con^sponding natural protein. As such, the size of the nucleic acid molecule encoding such a protein homologue is 
dependent on nucleic add composition and percent homology between the nucleic acid molecule and coitiplemeniary 
sequence as well as upon hybridization conditions per se (e.g., temperature, salt concentration, and formamlde con- 
centration). The minimal size of such nucleic acid molecules is typically at least about 12 to about 15 nucleotides in 
length If the nucleic acid molecules are GC-ricti and at least about 1 5 to about 1 7 bases in length if they are AT-rlch. As 

40 such, the minimal size of a nucleic acid molecule used to encode a protein homologue of the present Invention is from 
^out 1 2 to about 1 8 nucleotides In length. There Is no limit on the maximal size of such a nudeic acid molecule in that 
the nucleic add molecule can Include a poraon of a gene, an entire gene, or multiple genes orportlons thereof. Similarly, 
the minimal size of an annexin protein homologue or a modified annexin protein homologue of the present Invention is 
■ from about 4 to about 6 amino adds in length, v\^h preferred sizes dependng on whether a full-length, multivalent (i.e., 
fusion protein haying more than one domain, eachofwhich hasafunctlon) protein, orfunctional portions of such proteins 
are desired. Annexin and modified annexin homologues of the present Inveritlon preferably have activity corresponding 
to the natural protein, such as being able to perfomi the activity of the annexin protein In preventing thrombus fomnation. 
[0025] Annexin protein and modified annexin homologues can be the result of natural allelic variation or natural 
mutation. The protein homologues can also be produced using techniques known in thS'art, Including, but not limited 

so to, direct modifications to the protein or modifications to the gene encoding the protein using, for example, classic or 
: : recombinant DNA techniques to effect random or targeted mutagenesis. 
[0026] Also preferred Is a modified annexin protein containing an iamino acid sequence that is at least about 95%, 
and most preferably at least about 98% Identical to amino acid sequence SEQ ID NO:6, or a protein encoded by an 
allelic variant of a nucleic acid molecule encoding a protein containing any of these sequences. Methods to determine 

55 percent identities between ^Ino acid sequences and between nudeic acid sequences are known to those skilled in 
the art. Preferred methods to determine percent identities between sequences indude' computer programs such aaflie 
GCG® Wisconsin package™ (avall^le from Accelrys Corporation), the DNAsIs™ program (available from Hitechi Soft- 
ware, San Bruno, CA), the Vector m\ Suite (available from Infomax, Inc., North Bethesda, MD). orthe BLAST software 
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available on the NC6I website. 

[0027] In one embodiment, a prefenned isolated modified annexin protein of tlie present invention is a modified protein 
encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID N0:4 or by an allelic variant of a nucleic 
add molecule having this sequence. Alternatively, the modified annexin protein contains a protein encoded by a nucleic 
5 acid molecule having the nucleic acid sequence SEQ ID NO: 1 or by an allelic variant of a nucleic acid molecule having 
this sequence. 

[0028] A non-native modified annexin protein encoded by a nucieic acid molecule that hybridizes under stringent 
hybridization conditions with an annexin gene is also described. As used herein, stringent hybridization conditions refer 
to standard hybridization conditions under which nucleic acid molecules, including oligonucleotides, are used to identify 

f molecules having similar nucleic acid sequences. Such standard conditions are disclosed, for example, in Sambrook et 
al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Labs Press (1989). Stringent hybridization conditions 
typically penult isolation of nucleic acid molecules having at least aboitt 70% nucleic acid sequence identity with the 
nucleicacld molecule being used to probe inthe hybridization reaction. Formulae localculatethe appropriate hybridization 
and wash conditions to achieve hybridization permitting 30% or less mismatch of nucleotides are disclosed, for example, 

'5 in Melnl<oth et al., Anal. Biochem. 138:267-284 (1984). In preferred embodiments, hybridization conditions will permit 
isolation of nucleic acid molecules h avi ng at least about 80% n ucleic acid seq uence identity with the n ucleic acl d molecu le 
being used to probe. In more preferred embodiments, hybridization conditions will permit isolation of nucleic acid mol- 
ecules having at least about 90% nucleic acid sequence identity with the nucleic acid molecule being used to probe. In 
more preferred embodiments, hybridization conditions will pemiit isolation of nucleic acid molecules having at least about 

20 95% nucleic acid sequence identity with the nucleic acid molecule being used to probe. 

[0029] A preferred modified annexin protein includes a protein encoded by a nucleic acid molecule that is at least 
about 50 nucleotides and that hybridizes under conditions that preferably allow about 20% base pair mismatch, more 
preferably under conditions that allow about 1 5% base pair mismatch, more preferably under conditions that allow about 
10% base pair mismatch, more preferably under conditions that allow about 5% base pair mismatch, and even more 

2S preferably under conditions that allow about 2% base pair mismatch with a nucleic acid molecule of SEQ ID N0:4, or a 
complement of either of these nucleic acid molecules. 

[0030] As used herein, an annexin gene includes all nucleic acid sequences related to a natural annexin gene such 
as regulatory regions that control production of the annexin protein encoded by that gene (such as, but not limited to, 
transcription, translation or post-translation control regions) as well as the coding region itself. In one embodiment, an 

30 annexin gene includes the nucleic acid sequence SEQ ID NO:1 , It should be noted that since nucleic acid sequencing 
technology is not enUrely error-free, SEQ ID NO:1 (as well as other sequences presented herein), at best, represents 
an apparent nucleic acid sequence of the nucleic acid molecule encoding an annexin protein of the present invention. 
[0031] In another embodiment, an annexin gene can be an allelic variant that Includes a similar but not identical 
sequence to SEQ ID NO:1 . An allelic variant of an annexin gene including SEQ ID NO:1 isagenethat occurs at essentially 

35 the same locus (or loci) in the genome as the gene including SEQ ID NO: 1 , but which, due to natural variations caused 
by, for example, mutation or recombination, has a similar but not identical sequence. Allelic variants typically encode 
proteins having similar activity to that of the protein encoded by the gene to which they are being compared. Allelic 
variants can also comprise alterations in the 5' or 3' untranslated regions of the gene (e.g., in regulatory control regions). 
Allelic variants are well known to those skilled in the art and would be expected to be found within a given human since 

*' the genome is diploid and/or among a population comprising two or more humans. 

[0032] An isolated modified annexin protein of the present Invention can be obtained from its natural source, can be 
produced using recombinant DNA technology, or can be produced by chemical synthesis. As used herein, an isolated 
modified annejdn protein can contain afuii-iength protein or any homologue of such a protein. Examples of annexin and 
modified annexin homologues include annexin and modified annexin proteins in which amino acids have been deleted 

45 (e.g., a truncated version of the protein, such as a peptide or by a protein splicing reaction when an intein has been 
removed or two exteins are joined), inserted, inverted, substituted and/or derlvatized (e.g., by glycosyiation, phosphor- 
ylation, acetylatlon, methylatlon, myristylation, prenylation, palmitoylation, amidation and/or addition of glycerophos- 
phatidyi inositol) such that the homologue Includes at least one epitope capable of eliciting an immune response against 
an annexin protein. That is, when the homologue is administered to an animal as an Immunogen, using techniques 

50 known to those skilled In the art, the animal will produce a humoral and/or cellular immune response against at least 
one epitope of an annexin protein. Annexin and modified annexin homologues can also bs selected by their ability to 
selectively bind to immune serum. Methods to measure such activities are disclosed herein. Annexin and modified 
annexin homologues also include those proteins that are capable of performing the function of native annexin in a 
functional assay; that is, are capable of bindingto phosphatidylserine orto activaled platelets or exhibiting antithrombotic 

55 activity. Methods for such assays are described in the Examples section and elsewhere herein. 

[0033] A modified annexin protein of the present invention may be identified by its ability to perfomi the function of an 
annexin protein in afunctional assay. The phrase "capable of perfonning the function of that pnatein In a functional assay" 
means that the protein or modified protein has at least about 1 0% of the activity of the natural protein In the functional 
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assay. In other preferred embodiments, It has at least about 20% of the activity of the natural protein in the functional 
assay. In other preferred embodiments. It has at least about 30% of the activity of the natural protein in the functional 
assay. In other preferred embodiments, it has at least about 40% of the activity of the natural protein In the functional 
assay. In other preferred embodiments, it has at least about 50% of the activity of the natural protein In the functional 

5 assay. In other preferred embodiments, the protein or modified protein has at least about 60% of the activity of the natural 
protein in the functional assay. In more preferred embodiments, the protein or modified protein has at least about 70% 
of the activity of the natural protein in the functional assay. In more prefen^d embodiments, the protein or modified 
protein has at least about 80% of the activity of the natural protein in the functional assay. In more prefeRBd embodiments, 
the protein or modified protein has at least about 90% of the activity of the natural protein in the functional assay. 

to Exanples of functional assays are described herein. 

[0034] An Isolated protein of the present Invention can' be produced In a variety of ways, including recovering such a 
protein from a bacterium and producing such a protein reconnblnantly. One embodiment of the present invention is a 
method to produce an Isolated modified annexin protein of the present Invention using recombinant DNA technology. 
Such a method includes the steps of (a) culturing a recombinant cell containing a nucleic acid molecule encoding a 

15 modified annexin protein of the present invention to produce the protein and (b) recovering the protein therefrom. Details 
on producing recombinant cells and culturing thereof are presented below. The phrase "recovering the protein" refers 
simply to collecting the whole fermentation medium containing the protein and need not imply additional steps of sepa- 
ration or purification. Proteins of the present invention can be purified using a variety of standard protein purification 
techniques. 

20 [0035] Isolated proteins of the present invention are preferably retrieved in "substantially pure" form. As used herein, 
"substantially pure" refers to a purity that allows for the effective use of the protein In a functional assay. 

Modified Annexin Nucleic Acid Molecules or Genes 

2S [0036] Also described is an isolated nucleic acid molecule capable of hybridizing under stringent conditions with a 
gene encoding a modified annexin protein such as a homodimer of annexin V. Such a nucleic acid molecule is also 
referred to herein as a modified annexin nucleic acid molecule. Particularly preferred is an isolated nucleic acid molecule 
that hybrlcfizes under stringent conditions with a modified annexin gene. The characteristics of such genes are disclosed 
herein. In accordance with the present invention, an isolated nucleic acid molecule is a nucleic acid molecule that has 

30 been removed from its natural milieu (i.e., that has been subject to human manipulation). As such, "isolated" does not 
reflect the extent to which the nucleic acid molecule has been purified. An isolated nucleic add molecule can Include 
DNA, RNA, or derivatives of either DNA or RNA. 

[0037] As stated above, a modified annexin gene Includes all nucleic acid sequences related to a natural annisxln 
gene, such as regulatory regions that control production of an annexin protein encoded by that gene (such as, but not 

35 limited to, transcriptional, translatlonal, or post-translation al control regions) as well as the coding region itself. A nucleic 
acid molecule of the present invention can be an Isolated modified annexin nucleic acid molecule or a homologue thereof, 
A nucleic acid molecule of the present Invention can Include one or more regulatory regions, full-length or partial coding 
regions, or combinations thereof. The minimal size of a modified annexin nucleic acid molecule of the present invention 
Is the minimal size capable of forming a stable hybrid under stringent hybridization conditions with a corresponding 

40 natural gene. Annexin nucleic add molecules can also include a nucleic acid molecule encoding a hybrid protein, a 
fusion protein, a multivalent protein or a truncation fragment. 

[0038] An isolaled nucleic acid molecule of the present invention can be obtained from its natural source either as an 
entire (i.e., complete) gene or a portion thereof capable of forming a stable hybrid with that gene. As used herein, the 
phrase "at least a portion of' an entity refers to an amount of the entity that Is at least sufficient to have the functional 
45 aspects of that entity. For example, at least a portion of a nucleic acid sequence, as used herein. Is an amount of a 
nucleic acid sequence capable of forming a stable hybrid with the corresponding gens under stringent hybridization 
conditions. 

[0039] An Isolated nucleic acid molecule of the present invention can also be produced using recombinant DNA 
technology (e.g., polymerase chain reaction (PGR) amplification, doning, etc.) or chemical synthesis, isolated modified 

so annexin nucleic acid molecules Include natural nucleic add molecules and homologues thereof. Including, but not limited 
to, natural allelic variants and modified nucleic acid molecules In which nucleotides have been inserted, deleted, sub- 
stituted, and/or inverted in such a manner that such modifications do not substantially Interfere with the ability of the 
nucleic acid molecule to encode a modified annexin protein of the present invention or to form stable hybrids under 
stringent conditions with natural nucleic acid molecule isolates. 

ss [0040] A modified annexin nucleic acid molecule homologue can be produced using a number of methods known to 
those skilled in the art (see, e.g., Sambrook et al., 1989). For example, nucieic acid molecules can be modified using a 
variety of techniques Including, but not limited to, classic mutagenesis techniques and recombinant DNA techniques, 
such as site-directed mutagenesis, chemlcaltreatmentof anudelcacid moleculeto induce mutations, restriction enzyme 
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deavage of a nucleic acid fragment, ligation of nucleic acid fragmentB, polymerase cliain reaction (PGR) amplification 
andi'or mutagenesis of selected regions of a nucleic acid sequence, synthesis of oligonucleotide mixtures, and ligation 
of mixture groups to "build" a mixture of nucleic acid molecules and combinations tiiereof. Nucleic acid molecule homo- 
logues can be selected from a mixture of modified nucleic acids by screening fertile function of the protein encoded by 
s the nucleic acid (e.g., the ability of a homologue to elicit an immune response against an annexin protein and/or to 
function In a clotting assay, or other functional assay), and/or by hybridization with isolated annexin-encoding nucleic 
adds under stringent conditions. 

[0041] An isolated modified annexin nucleic acid molecule of the present invention can include a nucleic acid sequence 
that encodes at least one modified annexin protein of the present invention, examples of such proteins being disclosed 
ip herein. Although the phrase "nucleic acid molecule" primarily refers to the physical nucleic acid molecule and the phrase 
'nucleic add sequence" primarily refers to the sequence of nucleotides on the nucleic acid molecule, the two phrases 
can be used interchangeably, espedally with respect to a nucleic acid molecule, or a nucleic acid sequence, being 
capable of encoding a modified annexin protein. 

[0042] One embodiment of the present invention is a modified annexin nucleic acid molecule that is capable of hy- 

. 15 bridizing under stringent conditions to a nucleic acid strand that encodes at least a portion of a modified annexin protein 
or a homologue thereof or to the complement of such a nucleic acid strand. A nucleic acid sequence complement of any 
nucleic acid sequence of the present invention refers to the nucleic acid sequence of the nucleic acid strand that is 
complementary to (i.e., can form a complete double helix vi\th) the strand for which the sequence is cited. It is to be 
noted that a double-stranded nucleic acid molecule of the present Invention for which a nucleic acid sequence has been 

20 detemiined for one strand, that is represented by a SEQ ID NO, also comprises a complementary strand having a 
sequence that Is a complement of that SEQ ID NO. As such, nucleic acid molecules of the present invention, which can 
beeitherdouble^trandedorsingle-stranded.lncludethosenucleicacidmoleculesthatformatabletiybridsunderstrlngent 
hybridization conditions with either a given SEQ ID NO denoted herein and/or wWn the complement of that SEQ ID NO, 
which may or may not be denoted herein. Methods to deduce a complementary sequence are known to those skilled in 

25 the art. Preferred is a modified annexin nucleic acid molecule that includes a nucleic acid sequence having at least about 
65 percent, preferably at least about 70 percent, more preferably at least about 75 percent, more preferably at least 
about 80 percent, more preferably at least about 85 percent, more preferably at least about 90 percent and even more 
preferably at least about 95 percent homology with the corresponding region(s) of the nucleic acid sequence encoding 
at least a portion of a modified annexin protein. Particulariy preferred is a modified annexin nucleic add molecule capable 

30 of encoding a homodimer of an annexin protein or homologue thereof. 

[0043] Preferred annexin nucleic add molecules include SEQ ID NO:4 and an allelic variants of SEQ ID N0;4. 
[0044] Knowing a nudeic acid molecule of a modified annexin protein of the present invention allows one skilled in 
the art to make copies of that nucleic acid molecule as well ae to obtain a nucleic acid molecule including additional 
portions of annexin protein-encoding genes (e.g., nucleic acid molecules that include the translation start site and/or 

35 ti^nscription and/or translation control regions), and/or annexin nucleic acid molecule homologues. Knowing a portion 
of an amino acid sequence of an annexin protein of the present Invention allows one skilled In the art to clone nucleic 
add sequences encoding such an annexin protein. In addition, a desired modified annexin nucleic add molecule can 
be obtained in a variety of ways including screening appropriate expression libraries with antibodies that bind to annexin 
proteins of the present invention; traditional doning techniques using oligonucleotide probes of the present invention to 

to sCTeen appropriate libraries or DNA; and PGR amplification of appropriate libraries, or RNAorDNA using oligonucleotide 
primers of the present invention (genomic and/or cDNA libraries can be used). 

[0045] The present Invention also includes nudeic acid molecules that are oligonucleotides capable of hybridizing, 
under stringent conditions, with complementary regions of other, preferably longer, nucleic acid molecules of the present 
invention that encode at least a portion of a modified annexin protein. Oligonucleotides of tine present invention can be 

45 RNA, DNA, or derivatives of either. The minimal size of such oligonucleotides Is the size required to form a stable hybrid 
between a given oligonucleotide and the complementary sequence on another nudeic acid molecule of the present 
invention. Minimal size characteristics are disclosed herein. The size of the oligonudeotide must also be suffident for 
the use of the oligonucleotide In accordance with the present Invention. Oligonucleotides of the present invention can 
be used in a variety of applications Including, but not limited to, as probes to identify additional nudeic acid molecules, 

50 as primers to amplify or extend nucleic add molecules or In therapeutic applications to modulate modified annexin 
production. Such therapeutic applications include the use of such oligonucleotides In, for example, antisense-, triplex 
fomnation-, ribozyme- and/or RNA drug-based technologies. The present Invention, therefore, includes such oligonucle- 
otides and methods to modulate the production of modified annexin proteins by use of one or more of such technologies. 

5S Natural. Wild-Type Bacterial Cells and Recombinant Molecules and Cells 

[0046] The present invention also includes a recombinant vector, which includes a modified annexin nucleic acid 
molecule of the present invention Inserted into any vector capable of delivering the nudeic add molecule Into a host 
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cell. Such a vector contains heterologous nucleic acid sequences, that Is, nudeic acid sequences that are not naturally 
found adjacent to modified annexin nucleic acid molecules of the present invention. The vector can be either ,RNA or 
DNA, either prol<atyotlc or eukaryotlc, and typically is a virus or a plasmld. Recombinant vectors can be used in the 
cloning, sequencing, and/or otherwisa manipulating of modified annexin nucleic acid molecules of the present invention. 
5 One type of recombinant vector, herein referred to as a recombinant molecule and described in more detail below, can 
be used in the expression of nucleic acid molecules of the present invention. Preferred recombinant vectors are capable 
of replicating in the transfonned cell. Preferred nucleic acid molecules to include in recombinant vectors of the present 
invention are disclosed herein. 

[0047] As heretofore disclosed, one embodiment of the present invention is a method to produce a modified annexin 
protein of the present Invention by culturing a cell capable of expressing the protein under conditions effective to produce 
the protein, and recovering the protein. In an alternative embodiment, the method includes producing an annexin protein 
bycuituringacsll capable of expressing the protein under conditions effective to produce the annexin protein, recovering 
the protein, and modifying the protein by coupling It to an agent that Increases its effective size. 
[0048] In a preferred embodiment, the cell to culture is a natural bacterial cell, and modified annexin Is isolated from 

15 these cells. In another embodiment, a preferred cell to culture is a recombinant cell that is capable of expressing the 
modified annexin protein, the recombinant cell being produced by transfomning a host cell with one or more nucleic acid 
molecules of the present invention. Transfomiation of a nucleic add molecule into a cell can be accomplished by any 
method by which a nucleic acid molecule can be inserted into the celi. Transformation techniques include, but are not 
limited to, transfection, electroporation, microinjection, iipofection, adsorption, and protoplast fusion. A recombinant cell 

20 may remain unicellular or may grow into atissue, organ or a multicellular organism. Transfonned nucleic acid molecules 
of the present invention can remain extrachromosomal or can integrate into one or more sites within a chromosome of 
the transformed (i.e., recombinant) cell in such a manner that their ability to be expressed is retained. Preferred nucleic 
acid molecules with whtoh to transform a host cell are disclosed herein. 

[0049] Suitable host cells to transfomi include any cell that can be transformed and that can express the introduced 
2S modified annexin protein. Such cells are, therefore, capable of producing modified annexin proteins of the present 
invention after being transformed with at least one nucleic acid molecule of the present invention. Host cells can be 
either untransfonned cells or cells that are already transformed with at least one nucleic acid molecule. Suitable host 
cells of the present invention can include bacterial, fungal (including yeast). Insect, animal, and plant cells. Preferred 
host cells include bacterial cells, with E. co// cells being particularly preferred. Alternative preferred host cells are un- 
30 transformed (wild-type) bacterial cells producing cognate modified annexin proteins, including attenuated strains with 
reduced pathogenicity, as appropriate. 

[0050] A recombinant cell is preferably produced by transfomning a host cell with one or more recombinant molecules, 
eac^ comprising one or more nucleic acid molecules of the present invention operativeiy linked to an expression vector 
containing one or more transcription control sequences. The phrase "operativeiy linked" refers to insertion of a nucleic 

35 acid molecule into an expression vector In a manner such that the molecule is able to be expressed when transformed 
into a host cell. As used herein, an expression vector Is a DNA or RNA vector that is capable of transforming a host cell 
and of effecting expression of a specified nucleic acid molecule. Preferably, the expression vector is also capable of 
replicating within the host cell. Expression vectors can be either prokaryotic or eukaryotic, and are typically viruses or 
plasmids. Expression vectors of the present invention include any vectors that function (i.e., direct gene expression) in 
recombinant cells of the present invention, including in bacterial, fungal, insect, animal, and/or plant cells. As such, 
nucleic acid molecules of the present invention can be operativeiy linked to expression vectors containing regulatory 
sequences such as promoters, operators, repressors, enhancers, termination sequences, origins of replication, and 
oUier regulatory sequences that are compatible with the recombinant cell and that control the e)qpression of nucleic acid 
molecules of the present Invention. As used herein, a transcription control sequence includes a sequence that is capable 

45 of controlling the initiation, elongation, and temnination of transcription. Particularly important transcription control se- 
quences are those that control transcription initiation, such as promoter, enhancer, operator and repressor sequences. 
Suitable transcription control sequences include any transcription control sequence that can function ifi at least one of 
the recombinant cells of the present invention. A variety of such transcription control sequences are known to the art. 
Preferred transcription control sequences include those which function in bacterial, yeast, insect and mammalian cells, 

so such as, but not limited to, tac, lac, tzp, trc, oxy-pro. omp/lpp, rrnB, bacteriophage lambda {\) (such as Xpi and Ipp and 
fusions that include such promoters), bacteriophage T7. T71ac, bacteriophage T3, bacteriophage SP6, bacteriophage 
SP01 , metallothionein, alpha mating factor, PIchia alcohol oxidase, alphavlrus subgenomic promoters (such as Sindbis 
virus subgenomic promoters), baculoviais. Heliothis zea insect virus, vaccinia virus, herpesvirus, poxvirus, adenovirus, 
simian virus 40, retrovirus actin, retroviral long terminal repeat, Rous sarcoma virus, heat shock, phosphate and nitrate 

55 transcription control sequences as well as other sequences capable of contnaiilng gene expression in prokaryotic or 
eukaryotlc cells. Additional suitable transcription control sequences Include tissue-specific promoters and enhancers as 
w^eil as lymphokine-inducible promoters (e.g., promoters Inducible by interferons orinterleukins). Transcription control 
sequences of the present Invention can also include naturally occurring transcription control sequences naturally asso- 
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ciated with a DNA sequence encoding an annexin protein. A preferred transcription confrol sequence is the Kozal< strong 
promoter and initiation sequence. 

[0051] Expression vectors of the present invention may also contain secretory signals (i.e., signal segment nucleic 
add sequences) to enable an expressed annexin protein to be secreted from the cell that produces the protein. Suitable 
5 signal segments include an annexin protein signal segment or any heterologous signai segment capable of directing 
the secretion of an annexin protein, including fusion proteins, of the present invention. Preferred signal segments include, 
but are not limited to, tissue plasminogen activator (t-PA), Interferon, interleukin, growth honnone, histocompatibility and 
viral envelope glycoprotein signal segments. 

[0052] Expression vectors of the present invention may also contain fusion sequences which lead to the expression 
10 of inserted nucleic acid molecules of the present invention as fusion proteins. Inclusion of a fusion sequence as part of 
a modified annexin nucleic acid molecule of the present invention can enhance the stabllrty during production, storage 
and/or use of the protein encoded by the nucleic add molecule. Furthemnore, a fusion segment can function as a tool 
to simplify purification of a modified annexin protein, such as to enabie purification of the resultant fusion protein using 
affinity chromatography. A preferred fusion segment that can be used for protein purification is the 8-amino acid peptide 
w sequence asp-tyr-lys-asp-asp-asp-asp-lys (SEQ ID N0:9). 

[0053] A suitable fusion segment can be a domain of any size that has the desired function (e.g., increased stability 
and/or purification tool). It Is within the scope of the present Invention to use one or more fusion segments. Fusion 
segments can be Joined to amino and/or carboxyl termini of an annexin protein. Anotherlype of preferred fusion protein 
is a fusion protein wherein the fusion segment connects two or more annexin proteins or modified annexin proteins. 
20 Linkages between fusion segments and annexin proteins can be constructed to be susceptible to cleavage to enable 
straightfonvard recovery of the annexin or modified emnexln proteins. Fusion proteins are preferably produced by culturing 
a recombinant cell transformed with a fusion nucleic acid sequence that encodes a protein Including the fusion segment 
attached to either the carboxyl andi'or amino terminal end of an annexin protein. 

[0054] A recombinant molecule of the present Invention Is a molecule that can Include at least one of any nucleic acid 
25 molecule heretofore described operatively linked to at least one of anytranscription control sequencecapable of effectively 
regulating expression of the nucleic acid molecules in the cell to be transformed. A preferred recombinant molecule 
includes one or more nucleic acid molecules of the present invention, with those that encode one or more modified 
annexin proteins being particularly preferred. Preferred recombinant molecules of the present invention and their pro- 
duction are described in the Examples section. Similarly, a preferred recombinant cell includes one or more nucleic acid 
30 molecules of the present invention, with those that encode one or more modified annexin proteins. Preferred recombinant 
cells of the present invention include those disclosed in the Examples section. 

[0055] It may be appreciated by one skilled in the artthat use of recombinant DNA technologies can improve expression 
of transformed nucleic add molecules by manipulating, for example, the number of copies of the nucleic acid molecules 
within a host cell, the efficiency with which those nucleic acid molecules are transcribed, the efficiency with which the 

35 ■ rssuKanttranscripts are translated, and the efficiency of post-translatlonal modifications. Recombinant techniques useful 
for Increasing the expression of nucleic acid molecules of the present invention include, but are not limited to, operatively 
linking nucleic acid molecules to high-copy number plasmlds, Integration of the nucleic acid molecules into one or more 
host cell chromosomes, addition of vector stability sequences toplasmids, substitutions or modifications of transcription 
control signals (e.g., promoters, operators, enhancers), substitutions or modifications of translational control signals 

10 (e.g., ribosome binding sites, Shi ne-Dalgamo sequences), modification of nucleic acid molecules ofthe present invention 
to correspond to the codon usage of ttie host cell, deletion of sequences that destabilize transcripts, and use of control 
sign^s that temporally sep^te recombinant cell growth from recombinant protein production during fermentation. The 
activity of an expressed recombinant protein of the present invention may be improved by firagmenting, modifying, or 
derjvatizing the resultant protein. 

15 [0056] In accordance with the present invention, recombinantcellscan be used to produce annexin or modified annexin 
proteins of the present Invention by culturing such cells under conditions effective to produce such a protein, and 
recovering the protein. Effective conditions to produce a protein Include, but are not limited to, appropriate media, 
bioreactor, temperature, pH and oxygen conditions that pemit protein production. An appropriate, or effective, medium 
refers to any medium In which a cell of the present Invention, when cultured, is capable of producing an annexin or 

50 modified annexin protein. Such a medium is typically an aqueous medium comprising assimilable carbohydrate, nitrogen 
and phosphate sources, as well as appropriate salts, minerals, metals and other nutrients, such as vitamins. The medium 
may comprise complex, nutrients or may be a defined minimal medium. 

[0057] Cells of tfie present invention can be cultured in conventional femnentation bloreactors, which include, but are 
not limited to, batch, fed-batch, cell recycle, and continuous fermentors. Culturing can also be conducted in shake flasks, 
55 testtubes, microliter dishes, andpetri plates. Culturing is carried out at a temperature, pH and oxygen content appropriate 
for the recombinant cell. Such culturing conditions are well within the expertise of one of ordinary skill in the art. 
[0056] Depending on the vector and host system used for production, resultant modified annexin proteins may either 
remain within the recombinant cell; be secreted Into the femientatlon medium; be secreted Into a space between two 
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cellular membranes, such as the periplasmic space in £ co//; or be retained on the outer surface of a cell or viral 
membrane. Methods to purify such proteins are disclosed in the Examples section. 

Antibodies 

5 

[0059] Also described are isolated anti-modlfied annexin antibodies and their use. An anti-modifled annexin antibody 
is an antibody capable of selectively binding to a modified annexin protein. Isolated antibodies are antibodies that have 
been removed from their natural milieu. The tenn "isolated" does not refer to the state of purity of such antibodies. As 
such. Isolated antibodies can Include antlsera containing such antibodies, or antibodies that have been purified to varying 

10 degrees. As used herein, the term "selectively binds to" refers to the ability of such antibodies to preferentially bind to 
the protein against which the antibody was raised (I.e., to be able to distinguish that protein from unrelated components 
in a mixture). Binding afTinifies, commonly expressed as equilibrium association constants, typically range from about 
1 0^ M"'' to about 1 M-^ Binding can be measured using a variety of methods l<nown to those skilled In the art including 
immunoblot assays, immunopreclpltation assays, radioimmunoassays, enzyme Immunoassays (e.g., ELISA), immun- 

'5 ofluorescent antibody assays and immunoelectron microscopy; see, e.g., Sambrook et al., 19B9. 

[0060] Antibodies described herein can be either polyclonal or monoclonal antibodies. Antibodies described herein 
Include functional equivalents such as antibody fragments and genetically-engineered antibodies, including single chain 
antibodies, that are capable of selectively binding to at least one of the epitopes of the protein used to obtain the 
antibodies. Antibodies described herein alsoinclude chimeric antibodies that can bind to more than one epitope. Preferred 

so antibodies are raised In response to proteins that are encoded, at least in part, by a modified annexin nucleic acid 
molecule of the present Invention. 

[0061] Anti-modifled annexin antibodies described herein Include antibodies rateed In ar) animal administered a mod- 
ified annexin. Anti-modifled annexin antibodies of the present invention also Include antibodies raised In an animal 
against one or more modified annexin proteins that are then recovered from the cell using techniques known to those 

25 skilled In the art. Yet additional antibodies of the present Invention are produced recomblnantly using techniques as 
heretofore disclosedfor modified annexin proteins ofthe present invention. Antibodies produced against defined proteins 
can be advantageous because such antibodies are not substantially contaminated with antibodies against other sub- 
stances that might othenwlse cause Interference In a diagnostic assay orside effects if usee} in atherapeutlc composition. 
[0062] Antl-modified annexin antibodies described herein have a variety of uses that are within the scope ofthe present 

30 invention. Anti-modifled annexin antibodies can be used as tools to screen expresstan libraries and/orto recover desired 
proteins of the present Invention from a mixture of proteins and other contaminants. 

[0063] A preferred antl-modlfied annexin antibody of the present invention can selectively bind to a modified annexin 
protein, 

35 Therapeutic Uses 

[0064] Any of the above-described modified annexin proteins Is used In methods of the Invention to treat arterial or 
venous thrombosis caused by any medical procedure or condition. Generally, the therapeutic agents used in the Invention 
are administered to an animal In an effective amount. Generally, an effective amount is an amount effective either (1) 
^0 to reduce the symptoms of the disease sought to be treated or (2) to induce a phamiacological change relevant to 
treating the disease sought to be treated. 

[0065] For thrombosis, an effective amount includes an amount effective to exert prolonged antithronhbotic activity 
without substantially Increasing the risk of hemorrhage or to increase the life expectancy ofthe affected animal. As used 
herein, prolonged antithrombotte activity refers to the time of activity ofthe modified annexin protein with respect to the 

45 time of activity of the same amount (molar) of an unmodified annexin protein. Preferably, antithrombotic activity is 
prolonged by at least about a factor of two, more preferably by at least about a factor of five, and most preferably by at 
least about a factor of ten. Preferably, the effective amount does not substantially increase the risk of hemorrhage 
compared with the hemorrhage risk of the same subject to whom the modified annexin has not been administered. 
Preferably, the hemorrhage risk is very small and, at most,' below that provided by alternative antithrombotic treatments 

so available in the prior art. Therapeutically effective amounts of the therapeutic agents can be any amount or dose sufficient 
to bring aboutthe desired antithFombotic effect and depends. In part, on the condition, type, and location ofthe thrombus, 
the size and condition ofthe patient, as well as other factors known to ttiose sidlled in the art. The dosages can be given 
as a single dose, or as several doses, for example, divided over the course of several weeks. 
[0066] Administration preferably occurs by bolus injection or by intravenous Infusion, either after thrombosis to prevent 

55 further thrombosis or under conditions In which the subject Is susceptible to or at risk of thrombosis. 

[0067] The therapeutic agents of the present invention can be administered by any suitable means. Including, for 
example, parenteral orlocal administration, such as intravenous or subcutaneous injection, or by aerosol, A therapeutic 
composition can be administered in a variety of unit dosage fomis depending upon the method of administration. Preferred 
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delivery methods for a therapeutic composition of the present invention include intravenous administration and local 
administration by, for example, injection. For particular modes of delivery, a tiierapeutic composition of the present 
invention can be formulated in an excipient of the present invention. A therapeutic reagent of the present invention can 
be administered to any animal, preferably to mammals, and more preferably to humans. 

5 [0068] One suitable administration time occurs following coronary thrombosis, thereby preventing the recurrence of 
thrombosis without substantially increasing the risk of hemorrhage. Bolus injection of the modified annexin is preferably 
performed soon after thrombosis, e.g., before admission to hospital. The modified annexin can be administered in 
conjunction with a thrombolytic therapeutic such as tissue plasminogen activator, urol<inase, or a bacterial enzyme. 
[0069] Uses of modified annexin proteins of the present invention include approaches to treat cerebral thrombosis, 

10 including overt cerebral thrombosis or transient cerebral ischemic attacks, by administering an effective amount of 
modified annexin protein to a patient In need thereof. Transient cerebral ischemic attadts frequently precede f uli-blown 
strokes. The modified annexin can also be administered to diabetic and other patients who are at increased risk for 
thrombosis in peripheral arteries. Accordingly, the present invention provides means for reducing the risk of thrombosis 
in a patient having an increased risk for thrombosis Including administering an effective amount of a modified annexin 

IS protein to a patient in need thereof. For an adult patient, the modified annexin can be admlnialered intravenously or as 
a bolus in the dosage range of about 1 to about 1 00 mg. 

[0070] Means for decreasing the risk of venous thrombosis associated with some surgical procedures, such as hip 
and knee arthroplasties, by administering an effective amount of a modified annexin protein of the present invention to 
a patient in need thereof are also provided. The modified annexin treatment can prevent thrombosis without increasing 

20 hemorrhage into the operating field, in another embodiment, the present invention provides means for preventing throm- 
. bosis associated with pregnancy and parturition without Increasing hemorrhage, by administering an effective amount 
of a modified annexin protein of the present Invention to a patient In need thereof. In a further embodiment, the present 
Invention provides means for the treatment of recurrent venous thrombosis, by administering an effective amount of a 
modified annexin protein of the present invention to a patient in need thereof. For an adult patient, the modified annexin 

2S can be administered intravenously as a bolus in the dosage range of about 1 to about 1 00 mg. 

[0071] Also described is a method of screening for a modified annexin protein that modulates thrombosis, by contacting 
a thrombosis test system with at least one test modified annexin protein under conditions permissive for thrombosis, 
and comparing the antithrombotic activity in the presence of the test modified annexin protein with the antithrombotic 
activity in the absence of the test modified annexin protein, wherein achange in the antithrombotic activity In the presence 

30 of the test modified annexin protein is Indicative of a modified annexin protein that modulates thrombotic activity. In a 
preferred embodiment, the thrombosis test system is a system for measuring activated partial thromboplastin time. Also 
included within the scope of the present Invention are modified annexin proteins that modulate thrombosis as identified 
by this method. 

[0072] Also described is a method for Identlfirtng a modified annexin protein for annexin activity, including contacting 

35 activated platelets with at least one test modified annexin protein under conditions pemrilsslve for binding, and comparing 
the test modified annexin-binding activity and protein S-blndlng activity of the platelets in the presence of the test modified 
annexin protein with the annexin-binding activity and protein S-binding activity in the presence of unmodified annexin 
protein, whereby a modified annexin protein with annexin activity may be idenUfied. Also included within the scope of 
the invention are modified annexin proteins identified by the method. 

'10 [0073] Also described is amethod of screening fora modified annexin protein that modulatesthrombosis, by contacting 
an ;n wVo thrombosis test system with at least one test modified annexin protein under conditions pemiissive for throm- 
bosis, andcomparingtheanlithrombotic activity In the presence ofthe test modified annexin protein with the antithrombotic 
activity in the absence of the test modified annexin protein. A change in the antithnDmbotic activity in the presence of 
the tesfmodified annexin protein is indicative of amodified annexin protein that modulatestfiromboticactivity. Additionally, 

45 the time over which antithrombotic activity is sustained in the presence of the test modified annexin protein is compared 
with atime of antithrombotic activity in the presence of unmodified annexin to determine theprolongation of antithrombotic 
activity associated with the test modified annexin protein. The extent of hemorrhage in the presence of the test modified 
annexin protein is assessed, e.g., by measuring tail bleeding time, and compared with the extent of hemorrhage in the 
absence of the test modified annexin protein. In a preferred embodiment, the in vivo thrombosis test system is a mouse 

50 model of photochamioally-inducedthrombuslncremastermuscles. Also included withlnthescope of the presantinvention 
are modified annexin proteins that modulate thrombosis as Identified by this method. 

[0074] The therapeutic agents of the present Invention can be useful for gene therapy. As used herein, the phrase 
"gene therapy" refers to the transfer of genetic material (e.g., DNA or RNA) of Interest into a host to treat or prevent a 
genetic or acquired disease or condition. The genetic material of interest encodes a product (e.g., a protein polypeptide, 
55 peptide or functional RNA) whose production in wVois desired. Forexample, the genetic material of interest can encode 
a hormone, receptor, enzyme or (poly)peptide of therapeutic value. In a specific embodiment, the subject invention 
utilizes a class of lipid molecules for use in non-viral gene therapy which can complex with nucleic acids as described 
in Hughes et al., U.S. Patent No. 6,169,078, in which a disulfide linker is provided between a polar head group and a 
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lipophilic tail group of a lipid. 

[0075] These therapeutic compounds of the present Invention effectively complex with DNA andfacilitate the transfer 
of DNA through a cell membrane Into the intracellular space of a cell to be transfomned with heterologous DNA. Fur- 
themnore, these lipid molecules facilitate t^e release of heterologous DNA in the cell cytoplasm thereby Increasing gene 

5 transfection during gene therapy in a human or animal. 

[0076] Cationic lipid-polyanionic macromolecule aggregates may be formed by a variety of methods known In the art. 
Representative methods are disclosed by Feigner eta!., Proc. Natl. Acad. Sci. USA 86: 7413-7417 (1987); Eppstein et 
al., U.S. Patent No. 4,897,355; Behr et al., Proc. Natl. Acad. Sci, USA 86:6982-6986 (1989) ; Bangham et a!.. J. Mol. 
Biol. 23:238-252 (1965); Olson et a!.. Biochim. Biophys. Acta 557:9 (1979); Szoka, et al., Proc. Natl. Acad. Sci. 75:4194 

10 (1978); Mayhew et a!., Biochim. Biophys. Acta 775:169 (1 984); Kim et a!., Biochim. Biophys. Acta 728:339 (1 983); and 
Fukunaga et al., Endocrinol. 1 1 5:757 (1 984). In general, aggregates may be fom-ied by preparing lipid particles consisting 
of either (1 ) a cationic lipid or (2) a cationic lipid mixed with a colipid, followed by adding a poEyanionIc macromolecule 
to the lipid particles at about room temperature (about 18 to 26 °C.). in general, conditions are chosen that are not 
conducive to deprotection of protected groups. In one embodiment, the mixture Is then allowed to form an aggregate 

'5 over a period of about 1 0 minutes to about 20 hours, with about 1 6 to 60 minutes most conveniently used. Other time 
periods may be appropriate for specific lipid types. The complexes may be fornied over a longer period, but additional 
enhancement of transfection efficiency will not usually be gained by a longer period of compiexing. 
[0077] The compounds and methods of the subject invention can be used to intracellularly deliver a desired molecule, 
such as, for example, a polynucleotide, to a target cell. The desired polynucleotide can be composed of DNA or RNA 

20 or analogs thereof. The desired polynucleotides delivered using the present invention can be composed of nucleotide 
sequences that provide different functions oractlvitles, such as nucleotides that have a regulatory function, e.g., promoter 
sequences, or that encode a polypeptide. The desired polynucleotide can also provide nucleotide sequences that are 
antisense to other nucleotide sequences in the cell. For example, the desired polynucleotide when transcribed in the 
cell can provide a polynucleotide that has a sequence that Is antisense to other nucleotide sequences in the cell. The 

S5 antisense sequences can hybridize to the sense strand sequences in the cell. Polynucleotides that provide antisense 
sequences can be readily prepared by the ordinarily skilled artisan. The desired polynucleotide delivered into the cell 
can also comprise a nucleotide sequence that is capable of forming a triplex complex with double-stranded DNAin the cell. 
[0078] The following examples illustrate the preparation of modified annexln proteins of the invention and In vltroan6 
in vivo assays for anticoagulant activity of modified annexln proteins. It is to be understood that the invention Is not 

30 limited to the exemplary work described orto the specific details set forth in the examples. 

EXAMPLES 

Example 1 : Modified Annexin Preparation 

35 

[0079] Annexins can be purified from human tissues or produced by recombinant technology. For Instance, annexln 
V can be purified from human placentas as described by Funakoshi et al. (1987). Examples of recombinant products 
are the expression of annexin II and annexin V in Esciierichia c;o//(Kang, H.-M., Trends Cardiovasc. Med. 9:92-102 
(1999); Thiagarajan and Benedict, 1997, 2000). A rapid and efficient purification method for recombinant annexin V, 
40 based on Ca^^-enhanced binding to phosphatidylserine-containing liposomes and subsequent elution by EDTA. has 
been described by Berger, FEBS Lett. 329:26-28 (1 993). This procedurecan be improved by the use of phosphatidylserine 
coupled to a solid phase support. 

[0080] Annexins can be coupled to polyeth^ene glycol (PEG) by any of several well-established procedures (reviewed 
by Hermanson, 1996) in a process referred to as pegylation. The present invention includes chemical ly-derivatized 
annexin molecules having mono- orpoly-(e.g., 2-4) PEG moieties. Methods for preparing a pegylated annexin generally 
include the steps of (a) reacting the annexin with polyethylene glycol (such as a reactive ester or aldehyde derivative of 
PEG) underconditions whereby the annexin becomes attached to oneormore PEG groups and (b) obtaining the reaction 
product or products. In general, the optimal reaction conditions for the reactions must be determined case by case based 
on known parameters and the desired result. Furthennore, the reaction may produce different products having a different 

50 number of PEG chains, and further purification may be needed to obtain the desired product. 

[0081] Conjugation of PEG to annexin V can be performed using the EDO plus sulfo-NHS procedure. EDC (1 -ethyl- 
3-(3-dimethylaminopropyl)-carbodiimide hydrochloride) is usedto form active ester groups withcarboxylate groups using 
sulfo-NHS (N-hydroxysulfosuccinamide). This increases the stability of the active intermediate, which reacts with an 
amine to give a stable amide linkage. The conjugation can be carried out as described in Hennanson, 1996. 

55 [0082] Bioconjugate methods can be used to produce homopolymers or heteropolymers of annexin; methods are 
reviewed by Hermanson, 1996. Recombinant methods can also be used to produce fusion proteins, e.g., annexln 
expressed with the Fc portion of immunoglobulin or another protein. The heterotetramer of annexin II with P11 has also 
been produced In £ coli (Kang et al„ 1 999), All of these procedures Increase the molecular weight of annexin and have 



14 



EP 1 379 266 B1 



the potential to increase ttie half-life of annexin in the circulation and prolong its anticoagulant effect. 
[0083] A homodimer of annexin V can be produced using a DNA construct shown schematlcaliy in FIG. 1 (5'-3' sense 
strand) (SEQ ID N0:4) and coding for an amino acid sequence represented by SEQ ID N0:6. In this example, the 
annexin V gene is cloned into the expression vector pCMV FLAG 2 (available from Slgma-Aldrich) at EcoRt and Bgl II 
sites. The exact sequences prior to and after the annexin V sequence are unknov^n and denoted as "x". It is therefore 
necessary to sequence the construct prior to modification to assure proper codon alignment. The pCMV FLAG 2 vector 
comes with a strong promoter and initiation sequence (Kozak) and start site (ATG) built In. The start codon before each 
annexin V gene must therefore be removed, and a strong stop for tight expression should be added at the tenninus of 
the second annexin V gene. The vector also comes with an 8-amino acid peptide sequence that can be used for protein 
purification (asp-tyr-lys-asp-asp-asp-asp-lys) (SEQ ID N0:9). A 14-amino acid spacer vwth glycine-serine swivel ends 
allows optimal rotation between tandem genes. Addition of restriction sites Pvull and Seal allow removal of the linker if 
necessary. Addition of a protease site allows cleavage of tandem proteins following expression. PreScisslon™ protease 
is available from Amersham Pharmacia Biotech and can be used to cleave tandem proteins. 
Annexin V has the following amino acid sequence: 



AQVLRGTVTDFPGFDERADAETLRKAMKGLGTDEESILTLIT&RSNAQRQEISAAFK 
TLFGRDLLDDLKSELTGKFEKLIVALMKPSRLYDAYELKHALKGAGTNEKVLTEIIASR 
TPEELRAIKQVYEEEYGSSLEDDWGDTSGYYQRMLWLLQANRDPDAGIDEAQVE 
QDAQALFQAGELKWGTDEEKFITIFGTRSVSHLRKVFDKYMTISGFQIEETIDRETSG 
NLEQLLLAWKSIRSIPAYLAETLYYAMKGAGTDDHTLlRVMVSRSEiDLFNIRKEFRK 
NFATSLYSMIKGDTSGDYKKALLLLCGEDD (SEQ ID NO:3) 



The nucleotide sequence of annexin V Is as follows: 



GCACAGGTTCTCAGAGGCACTGTGACTGACTTGCCTGGATTTGATGAGCGGGC 

TGATGCAGAAACTCTTCGGAAGGCTATGAAAGGCTTGGGCACAGATGAGGAGA 

GCATCCTGACTCTGTTGACATCCCGAAGTAATGCTCAGCGCCAGGAAATCTCTG 

CAGCTTTTAAGACTCTGTTTGGCAGGGATCTTCTGGATGACCTGAAATCAGAACT 

AACTGGAAAATTT6AAAAATTAATTGTGGCTCTGATGAAACCCTCTCGGCTTTAT 

GATGCTTATGAACTGAAACATGCCTTGAAGGGAGCTGGAACAAATGAAAAAGTA 

CTGACAGAAATTATTGCTTeAAGGACACCTGAAGAACTGAGAGCCATCAAACAA 

GTTTATGAAGAAGAATATGGCTCAAGCCTGGAAGATGACGTGGTGGGGGACAC 
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TTCAGGGTACTACCAGCGGATGTT6GTGGTTCTCCTTCAGGCTAACAGAGACCC 

TGATGCTGGAATTGATGAAGCTCAAGTTGAACAAGATGCTCAGGCTTTATTTCAG 

GCTGGAGAACTTAAATGGGGGACAGATGAAGAAAAGTTTATCACCATCTTTGGA 

ACACGAAGTGTGTCTGATTTGAGAAAGGTGTTTGACAAGTACATGACTATATCAG 

GATTTCAAATTGAGGAAACCATTGACCGCGAGACTTCTGGCAATTTAGAGCAAC 

TACTCCTTGCTGTTGTGAAATCTATTCGAAGTATACCTGCCTACCTTGCAGAGAC 

CCTCTATTATGCTATGAAGGGAGCTG6GACAGATGATCATACCCTCATCAGAGT 

CATGGTTTCCAGGAGTGAGATTGATCTGTTTAACATCAGGAAGGAGTTTAGGAA 

GAATTTTGCCACCTCTCTTTATTCCATGATTAAGGGAGATACATCTGGGGACTAT 

AAGAAAGCTCTTCTGCTGCTCTGTGG AGAAGATGAC (SEQ ID NO:1) 

Example 2: In Vitro and In Vivo Assays 

[0084] In vitro assays determine the ability of modified annexin proteins to bind to activated platelets. Annexin V binds 
to platelets, and tliis binding is markedly increased in vitro by activation of the platelets with thrombin (Thlagarajan and 
Tait, 1990; Sun et al., 1993). Preferably, the modified annexin proteins of the present invention are prepared in such a 
way that perfomn the function of annexin In that they bind to platelets and prevent protein S from binding to platelets 
(Sun et al., 1993). The modified annexin proteins also perform the function of exhibiting the same anticoagulant activity 
in wfrathat unmodified annexin proteins exhibit. A method for measuring the clotting time is the activated partial throm- 
boplastin time (Fritsma, in IHemostasis and thrombosis in the clinical laboratory (Corriveau, DM. and Fritsma, G.A., 
eds) J.P. Lipincott Co.. Philadelphia (1989), pp. 92-124). 

[0085] In vivo assays detennine the antithrombotic activity of annexin proteins. Annexin V has been shown to decrease 
venous thrombosis induced by a laser or photochemically in rats (Romisch et al., 1991). The maximal anticoagulant 
effect was observed between 15 and 30 minutes after intravenous administration of annexin V, as determined function ally 
bythromboeiastography The modified annexin proteins of the present invention preferably show more prolonged activity 
in such a model than unmodified annexin. Annexin V was also found to decrease fibrin accretion in a rabbit model of 
jugular vein thrombosis (Van Ryn-IVIcKenna et al., 1 993). Air injection was used to remove the endothelium, and annexin 
V was shown to bind to the treated vein but not to the control contralateral vein. Decreased fibrin accumulation in the 
injured vein was not assiociated with systemic anticoagulation, Heparin did not inhibit fibrin accumulation in the injured 
vein. The modified annexin proteins of the present invention preferably perfomn the function of annexin in this model of 
venous thrombosis, A rabbit model of arterial thrombosis was used by Thiagarajan and Benedict, 1997. A partially 
occlusive thrombus was formed in the left carotid artery by application of an electric curenl. Annexin V infusion strongly 
inhibited thrombosis as manifested by measurements of blood flow, thrombus weight, labeled fibrin deposition and 
labeled platelet accumulation. Recently, a mouse model of photochemically-induced thrombus in cremaster muscles 
was introduced (Vollmaretal. Thromb. Haemost. 85:160-164 (2001 )). Using this technique, thrombosis can be induced 
in any desired artery or vein. The modified annexin proteins of the present invention preferably perfomn the function of 
annexin in such models, even when administered by bolus Injection. 

Example 3 

[0086] The anticoagulant ability of human recombinant annexin V and pegylated human, recombinant annexin V were 
compared in vitro. 

Annexin V production. The polymerase chain reaction was used to amplify the cDNA from the initiator methionine to the 
stop codon with specific oligonucleotide primers from a human placental cDNA library. The fonward primer was 5'- 
ACCTGAGTAGTCGCCATGGCACAGGTTCTC-3' (SEQ ID NO; 7) and the reverse primer was ff-CCCGAATTCACGT- 
TAGTCATCTTCTCCACAGAGCAG-3' (SEQ ID NO:8). The amplified 1 .1 -Itb fragment was digested with Nco I and Eco 
Rl and ligated into the prokaryotic expression vector pTRC 99A. The ligation product was used to transfomn competent 
Escherichia co// strain JIVl 105 and sequenced. 

[0087] Recombinant annexin V was isolated from the bacterial lysates as described by Berger et al,, 1 993, with some 
modification. An overnight culture of E. coll JM 105 transfonned with pTRC 99A-annexin V was expanded 50-fold in 
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fresh Luria-Bertrani medium containing 100 mg/L ampicillin. After 2 hours, isopropyl p-D-thiogalactopyranoside was 
added to a final concentration of 1 mmol/L. After 1 6 hours of induction, the bacteria were pelleted at 3500g for 1 5 minutes 
at 4''C. The bacterial peiiet was suspended in TBS, pH 7.5, containing 1 mmoE/L PMSF, 5 mmol/L EDTA, and 6 mol/L 
urea. The bacterial suspension was sonicated vnth an ultrasonic probe at a setting of 6 on ice for 3 minutes. The lysate 
5 was centrifuged at lO.OOOg for 15 minutes, and the supernatant was dialyzed twice agafnst 50 vol TBS containing 1 
mmol/L EDTA and once against 50 vol TBS. 

[0088] Multilamellar liposomes were prepared by dissolving phosphatidytserine. lyophilized bovine brain extract, cho- 
lesterol, and dicetylphosphate in chloroform in a molar ration of 10:15:1 and dried in a stream of nitrogen in a conical 
flask. TBS (5 ml) was added to the flask and agitated vigorously in a vortex mixer for 1 minute. The liposomes were 

10 washed by centrifugation at 3500g for 15 minutes, then incubated with the bacterial extract, and calcium chloride was 
added to a final concentration of 5 mmol/L. After 15 minutes of incubation at 37'C, the liposomes were sadimented by 
centrifugation at 1 0.OOOg for 1 0 minutes, and the bound annexin V was eluted with 1 0 mmoE/L EDTA. The eluted annexin 
V was concenti^ted by Amicon ultrafiKration and loaded onto a Sephacryl S 200 column. The annexin V was recovered 
in the included volume, whereas most of the liposomes were In the void volume. Fractions containing annexin V were 

15 pooled and dialyzed in 1 0 mmol/L Tris and 2 mmol/L EDTA, pH 8.1 , loaded onto an anion exchange column, and eluted 
with a linear gradient of 0 to 200 mmoi/L NaCI in the same buffer. The purified preparation showed a single band In 
SDS-PAGE under reducing conditions. 

[0089] The annexin V produced as above was pegyiated using the method of Hermanson, 1 996, as described above. 
Anti-coagulation assays. Prolongation of the clotting time (activated partial thromboplastin time) induced by annexin V 

so and pegyiated annexin V were compared. Activated partial thromboplastin times were assayed with citrated normal 
pooled plasma as described in Fritsma, 1989. Using different concentrations of annexin V and pegyiated annexin V, 
produced as described above, dose-rasponse.cu wes for prolongation of clotting times were obtained. Results are shown 
in FIG. 2, a plot of clotting time versus annexin V and pegylaited annexin V dose. As shown in.thefigure, the anticoagulant 
potency of the recombinant human annexin V and the pegyiated recombinant human annexin V are substantially equiv- 

S5 alent. The small difference observed is attributable to the change in molecular weight after pegylatlon. This experiment 
validates the assertion made herein that pegylation of annexin V can be achieved without significantly reducing its 
antithrombotic effects. 

[0090] It should be noted that the foregoing description is only illustrative of the invention. Various alternatives and 
modifications can be devised by those skilled in the art without departing from the invention. /Vccordingiy, the present 
30 invention is intended to embrace all such alternatives, modifications and variances which fall within the scope of the 
disclosed invenflon. 

SEQUENCE LISTING 

35 [0091] 

<110> Surromed, inc. 

<120> Modified Annexin Proteins. and Methods for Preventing Thrombosis . 

40 

<130>SURR.90/PCT 

<150> 60/270,402 
<151> 2001-02-21 

4S 

<150> 60/332,582 
<151>2001-11-21 

<ieo>9 

so 

<170> Patentin version 3.1 

<210>1 
<211>960 
55 <212>DNA 

<213> Homo sapiens 

<400>1 
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atggccctgc 


gcggcaccgt 


gaccgacttc tccggcctcg 


acggccgcgc 


cgacgccgag 


60 




gtgctgcgca 


aggccatgaa 


gggcctgggc accgacgagg 


actccatcct 


gaacctgctg 


120 


5 


accgcccgct 


ccaacgccca 


gcgccagcag atcgccgagg 


agttcaagac 


cccgctcggc 


180 




cgcgacctgg 


tgaacgacac 


gaagcccgag ctgaccggca 


agctcgagaa 


gctgatcgtg 


240 




gccctgatga 


agccctcccg 


cctgtacgac gcctacgagc 


cgaagcacgc 


caagccgggc 


300 




gccggcaccg 


acgagaaggt 


gccgaccgag atcatcgccC 


cccgcacccc 


cgaggagctg 


360 




cgcgccatca 


agcaggccta 


cgaggaggag tacggctcca 


acctggagga 


cgacgtggtg 


420 




ggcgacacct 


ccggctacta 


ccagcgcatg ctggtggtgc 


cgctgcaggc 


caaccgcgac 


480 


cccgacaccg 


ccatcgacga 


cgcccaggtg gagctggacg 


cccaggccct 


gttccaggcc 


540 




ggcgagctga 


agtggggcac 


cgacgaggag aagttcacca 


ccatcctggg 


cacccgctcc 


600 




gtgtcccacc 


tgcgccgcgt 


gttcgacaag tacatgacca 


tctccggctt 


ccagatcgag 


660 




gaga cca teg 


accgcgagac 


ctccggcaac ctggagaacc 


tgctgctggc 


cgtggtgaag 


720 




tccatccgct 


ecatccccgc 


ctacctggcc gagaccctgt 


actacgccat 


gaagggcgcc 


780 


25 


ggcaccgacg 


accacaccct 


gacccgcgtg atcgtgtccc 


gctccgagat 


cgacctgttc 


840 




aacacccgca 


aggagttccg 


caagaacttc gccacctccc 


tgtactccat 


gatcaagggc 


900 




gacacctccg 


gcgaccacaa 


gaaggccctg ctgctgctgt 


gcggcggcga 


ggacgactga 


960 



30 

<210>2 

<:211>960 

<212> DNA 

<213> Homo sapiens 

35 

<220> 
<221>CDS 
<222> (1)..(960) 
<223> 

40 

<400>2 



45 



50 



55 
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atg gcc ctg cgc ggc acc gCg acc gac ttc tec ggc ttc gac ggc cgc 4 8 

Met Ala Leu Arg Gly Thr Val Thr Asp Phe Ser Gly Phe Asp Gly Arg 
15 10 15 

gcc gac gcc gag gtg ctg cgc aag gcc atg aag ggc ctg ggc acc gac 96 
Ala Asp Ala Glu Val Leu Arg Lys Ala Met Lys Gly Leu Gly Thr Asp 
20 25 30 

gag gac tec ate ctg aac ctg ctg acc gcc cgc tec aac gcc cag cgc 144 
Glu Asp Ser lie Leu Asn Leu Leu Thr Ala Arg Ser Asn Ala Gin Arg 
35 40 45 

cag cag ate gcc gag gag ttc aag acc ctg ttc ggc cgc gac ctg gtg 192 
Gin Gin He Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val 
50 5S SO 

aac gac atg aag tec gag ctg acc ggc aag ttc gag aag ctg ate gtg 240 
Asn Asp Met Lys Ser Glu Leu Thr Gly Lys Phe Glu Lys Leu lie Val 
65 70 75 80 

gcc ctg atg aag ccc tec cgc ctg tac gac gcc tac gag ctg aag cac 288 
Ala Leu Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu Lys His 
as go 95 

gcc aag ctg ggc gcc ggc acc gac gag aag gtg ctg acc gag ate ate 336 
Ala Lys Leu Gly Ala Gly Thr Asp Glu Lys Val Imvl Thr Glu lie He 
100 lOS no 

gcc tec cgc acc ccc gag gag ctg cgc gcc ate aag cag gcc tac gag 3S4 
Ala Ser Arg Thr Pro Glu Glu Leu Arg Ala He Lys Gin Ala Tyr Glu 
1X5 120 125 

gag gag tac ggc tec aac ctg gag gac gac gtg gtg ggc gac acc tec 4 32 

Glu Glu Tyr Gly Ser Asn Leu Glu Asp Asp Val Val Gly Asp Thr Ser 
130 135 140 

ggc cac tac cag cgc atg ctg gtg gtg ctg ctg cag gcc aac cgc gac 480 
Gly Tyr Tyr Gin Arg Met Leu Val Val Leu Leu Gin Ala Asn Arg Asp 
145 ISO 155 160 

CCC gac acc gcc ate gac gac gcc cag gtg gag ctg gac gcc cag gcc 528 
Pro Asp Thr Ala He Asp Asp Ala Gin Val Glu Leu Asp Ala Gin Ala 
165 170 175 

ctg ttc cag gcc ggc gag ctg aag tgg ggc acc gac gag gag aag tec 576 
Leu Phe Gin Ala Gly Glu Leu Lys Trp Gly Thr Asp Glu Glu Lys Phe 
180 185 190 

ate acc ate ctg ggc acc cgc tec gtg tec cac ctg cgc cgc gtg ccc S24 
He Thr He Leu Gly Thr Arg Ser Val Ser His Leu Arg Arg Val Phe 
195 200 20S 

gac aag tac atg acc ate tec ggc ttc cag ate gag gag acc ate gac 672 



55 
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cgc gag acc tec ggc aac ctg gag aac ccg ctg ccg gcc gtg gtg aag 
Arg Glu Thr Ser Gly Asn Leu Glu Asn Leu Leu Leu Ala Val Val Lys 
225 230 235 240 

tec ate cgc tec ate ccc gcc tac ctg gcc gag acc ctg tac tac gcc 
Ser lie Arg Ser lie Pro Ala Tyr Leu Ala Glu Thr Leu Tyr Tyr Ala 
245 250 255 

atg aag ggc gcc ggc acc gac gac cac acc ctg ate cgc gtg ate gtg 
Met Lys Gly Ala Gly Thr Asp Asp His Thr Leu lie Arg Val lie Val 
260 265 270 

Ccc cgc tec gag ate gac ctg ttc aac ate cgc aag gag ttc cgc aag 
Ser Arg Ser Glu lie Asp Leu Phe Asn lie Arg Lys Glu Phe Arg Lys 
275 280 265 

aac ttc gcc acc tec ctg tac tec atg ate aag ggc gac acc tec ggc 
Asn Phe Ala Thr Ser Leu Xyr Ser Met lie Lys Gly Asp Thr Ser Gly 
290 295 300 

gac tac aag aag gcc ctg ctg ctg ctg tgc ggc ggc gag gac gac tga 
Asp Tyr Lys Lys Ala Leu Leu Leu Leu Cys Gly Gly Glu Asp Asp 
305 310 315 



<210>3 
<211>319 
<212> PRT 
<213> Homo sapiens 



<400>3 
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Mec Ala Leu Arg Gly Thr Val Thr Asp Phe Ser Gly Phe Asp Gly Arg 
1 S . 10 15 



Ala Asp Ala Glu Val Leu Arg Lys Ala Met Lys Gly Leu Gly Thr Asp 
20 25 30 

Glu Asp Ser He Leu Asn Leu Leu Thr Ala Arg Ser Asn Ala Gin Arg 

35 40 45 

Gin Gin lie Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val 

50 55 60 

Asn Asp Met Lys Ser Glu Leu Thr Gly Lys Phe Glu Lys Leu He Val 

65 70 75 80 

ATa Leu Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu Lys His 
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Ala Ser Arg Thr Pro Glu Glu Leu Arg Ala He Lys Gin Ala Tyr Glu 
115 120 125 



Glu Glu Tyr Gly Ser Asn Leu Glu Asp Asp Val Val Gly Asp Thr Sefr 
130 135 140 



Gly Tyr Tyr Gin Arg Met Leu Val Val Leu Leu Gin Ala Asn hrg Asp 
145 150 155 160 



Pro Asp Thr Ala He Asp Asp Ala Gin Val Glu Leu Asp Ala Gin Ala 
165 170 175 



Leu Phe Gin Ala Gly Glu Leu Lys Trp Gly Thr Asp Glu Glu Lys Phe 
180 185 190 



He Thr He Leu Gly Thr Arg Ser Val Ser His Leu Arg Arg Val Phe 
195 200 205 



Ser lie Arg Ser He Pro Ala Tyr Leu Ala Glu Thr Leu Tyr Tyr Ala 
245 250 255 



Met Lys Gly Ala Gly Thr Asp Asp His Thr Leu He Arg Val lie Val 
260. 265 270 



Ser Arg Ser Glu He Asp Leu Phe Asn He Arg Lys Glu Phe Arg Lys 
275 280 285 



Asn Phe Ala Thr Ser Leu Tyr Ser Met He Lys Gly Asp Thr Ser Gly 
290 295 300 



50 <;210>4 

<211>2016 
<212>DNA 

<213> Artificial Sequence 



<223> primer 
<:220> 
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<221> miscjeature 
<222> {45)..(45) 
<223> n = a, c, t, or g 

5 <220> 

<221 > misc_feature 
<222> (1000)..(1002) 
<223> n = a, c, t, or g 

10 <220> 

<221> miscjeature 
<222> (1051)..(1063) 
<223> n = a, c, E, or g 



IS 


<400> 4 








atggactaca 


aagacgatga 


cgacaagcct 


20 . 


gtgaccgact 


tctccggctt 


cgacggccgc 




aagggcctgg 


gcaccgacga 


ggactccatc 




cagcgccagc 


agatcgccga 


ggagttcaag 


25 


atgaagtccg 


agctgaccgg 


caagttcgag 




cgcctgtacg 


acgcctacga 


gctgaagcac 




gtgctgaccg 


agatcatcgc 


etcccgcacc 




tacgaggagg 


agtacggctc 


caacctggag 




taccagcgca 


tgctggtggt 


gctgctgcag 


35 


gacgcccagg 


tggagctgga 


cgcccaggcc 




accgacgagg 


agaagtccat 


caccatcctg 




gtgttcgaca 


agtacatgac 


cacctccggc 


40 


accCccggca 


acctggagaa 


cctgctgctg 




gcctacctgg 


ccgagaccct 


gtactacgcc 




ctgatccgcg 


tgatcgtgtc 


ccgctccgag 


4S 


cgcaagaact 


tcgccacctc 


cctgtactcc 




aagaaggccc 


tgctgctgct 


gtgcggcggc 




gaggtgctgt 


tccagggccc 


cggaagtact 




tccggcttcg 


acggccgcgc 


cgacgccgag 




accgacgagg 


actccatcct 


gaacctgctg 




atcgccgagg 


agttcaagac 


cctgttcggc 



55 



gcggccgcga 


attcngcccc 


gcgcggcacc 


60 


gccgacgccg 


aggtgctgcg 


caaggccatg 


120 


ctgaacctgc 


tgaccgcccg 


ctccaacgcc 


18 0 


accctgttcg 


gccgcgacct 


ggtgaacgac 


240 


aagctgatcg 


tggccctgat 


gaagccctcc 


300 


gccaagctgg 


gcgccggcac 


cgacgagaag 


360 


cccgaggagc 


cgcgcgccat 


caagcaggcc 


420 


gacgacgtgg 


tgggcgacac 


Ctccggctac 


480 


gccaaccgcg 


accccgacac 


cgccatcgac 


540 


ctgttccagg 


ccggcgagct 


gaagtggggc 


eoo 


ggcacccgct 


ccgtgcccca 


cctgcgccgc 


660 


ttccagatcg 


aggagaccat 


cgaccgcgag 


720 


gccgtggtga 


agtccatccg 


ctccaccccc 


780 


atgaagggcg 


ccggcaccga 


cgaccacacc 


840 


atcgacctgt 


tcaacatccg 


caaggagtCc 


9O0 


atgatcaagg 


gcgacacctc 


cggcgactac 


960 


gaggacgacn 


nnagatctcg 


atcgggcctg 


1020 


nnngccctgc 


gcggcaccgt 


gaccgacttc 


1080 


gtgctgcgca 


aggccatgaa 


gggcctgggc 


1140 


accgcccgct 


ccaacgccca 


gcgccagcag 


1200 


cgcgacctgg 


tgaacgacat 


gaagtccgag 


1260 



EP 1 379 266 B1 



ctgaccggca agttcgagaa gctgaccgtg gccctgatga agccctcccg cctgtacgac 1320 

gcctacgagc tgaagcacgc caagctgggc gccggcaccg acgagaaggt gctgaccgag 1380 

5 

atcaccgcct cccgcacccc cgaggagccg cgcgccatca agcaggccca cgaggaggag 1440 

tacggctcca acctggagga cgacgtggtg ggcgacacct ccggctacta ccagcgcatg 1500 

ctggtggtgc tgccgcaggc caaccgcgac cccgacaccg ccstcgacga cgcccaggtg 1560 

gagctggacg cccaggccct gttccaggcc ggcgagctga agcggggcac cgacgaggag 1620 

aagttcatca ccatcctggg cacccgctcc gtgtcccaec tgcgccgcgt gttcgacaag 1680 

IS tacatgacca tctccggctt ccagatcgag gagaccaCcg accgcgagac ctccggcaac 174 0 

ctggagaacc tgctgctggc cgtggtgaag tccatccgct ccatccccgc ctacctggcc 1800 

gagaccctgt accacgccat gaagggcgcc ggcaccgaeg accacaccct gatccgcgtg 1860 

^ atcgtgtccc gctccgagat cgacctgttc aacatccgea aggagttccg caagaacctc 1920 

gccacctccc tgtactccat gatcaagggc gacacccccg gcgaccacaa gaaggccctg 1980 

ctgetgctgt gcggcggcga ggacgactaa taataa 2016 

25 

<210>5 
<211>2016 
<212>DNA 
30 <213> Artificial sequence 

<220> 

<223> modifled annexin gene 

35 <220> 

<221>CDS 

<222>(1)..(2016) 

<223> 

10 <220> 

.<221> misc_feature 
<222> (46)..(45) 
<223> n = a, c, g, or t 

15 <220> 

<221>misc feature 
<222>(1000)..(1002) 
<223> n = a, c, g, or t 

50 <220> 

<221>mlscjeature 
<222>(1051)..(1053) 
<223> n = a, c, g, ort 

55 <400> 5 



24 



EP 1 379 266 B1 



atg gac tac aaa gac gaL gac gac aag ctt gcg gcc gcg aat ten gcc 
Met Asp Tyr Lys Asp Asp Asp Asp Lys Leu Ala Ala Ala Asn Xaa Ala 



ctg cgc ggc ace gtg acc gac ttc tec ggc tec gac ggc cgc gcc gac 
Leu Arg Gly Thr Val Thr Asp Phe Ser Gly Phe Asp Gly Arg Ala Asp 



gee gag gtg ctg cgc aag gcc atg aag ggc ctg ggc acc gac gag gac 
Ala Qlu Val Leu Arg Lys Ala Met Lys Gly Leu Gly Thr Asp Glu Asp 



atg aag ccc tec cgc ctg tac gac gcc tac gag ctg aag cac gcc aag 
Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu Lys His Ala Lys 
100 105 110 



cgc acc ccc gag gag ctg cgc gcc ate aag cag gcc tac gag gag gag 
Arg Thr Pro Glu Glu Leu Arg Ala lie Lys Gin Ala Tyr Glu Glu Glu 
130 135 140 

tac ggc tec aac ctg gag gac gac gtg gtg ggc gac acc tec ggc tac 
Tyr Gly Ser Asn Leu Glu Asp Asp Val Val Gly Asp Thr Ser Gly Tyr 
145 150 155 160 

tac cag cgc atg ctg gtg gtg ctg ctg cag gcc aac cgc gac ccc gac 
Tyr Gin Arg Met Leu Val Val Leu Leu Gin Ala Asn Arg Asp Pro Asp 
165 170 175 

acc gcc ate gac gac gcc cag gtg gag ctg gac gcc cag gcc ctg ttc 
Thr Ala He Asp Asp Ala Gin Val Glu Leu Asp Ala Gin Ala Leu phe 
180 185 190 

cag gcc ggc gag ctg aag tgg ggc acc gac gag gag aag ttc ate acc 
Gin Ala Gly Glu Leu Lys Trp Gly Thr Asp Glu Glu Lys Phe He Thr 
195 200 205 

ate ctg ggc acc cgc tee gtg ccc cac ctg cgc cgc gtg ttc gac aag 
He Leu Gly Thr Arg Ser Val Ser His Leu Arg Arg Val Phe Asp Lys 
210 215 220 

tac atg acc ate tec ggc ttc cag ate gag gag acc ate gac cgc gag 
Tyr Met Thr He Ser Gly Phe Gin He Glu Glu Thr lie Asp Arg Glu 
225 230 235 240 

acc tec ggc aac ctg gag aac ctg ctg ctg gcc gtg gtg aag tec ate 
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cgc tec ate ccc gcc tac ctg gcc gag acc ctg tac Cac gcc atg aag 
Arg Ser lie E>ro Ala Tyr Leu Ala Glu Thr Leu Tyr Tyr Ala Met l^ys 
260 265 270 

ggc gcc ggc acc gac gac cac acc ctg ate cgc gtg ate gtg tec cgc 
Gly Ala Gly Thr Asp Asp His Thr Leu He Arg Val He val Ser Arg 
275 280 285 

CCC gag ate gac ctg ttc aac ate cgc aag gag ttc cgc aag aac ttc 
Ser Glu He Asp Leu Phe Asn He Arg Lys Glu Phe A2rg Lys Asn Phe 

290 295 300 

gcc acc tec ctg tac tec atg ate aag ggc gac acc tec ggc gac tac 
Ala Thr Ser Leu Tyr Ser Met He Lys Gly Asp Thr Ser Gly Asp Tyr 
305 310 315 320 

aag aag gcc ctg ctg ctg ctg tgc ggc ggc gag gac gac nnn aga tct 
Lys Lys Ala Leu Leu Leu Leu Cys Gly Gly Glu Asp Asp Xaa Arg Ser 
325 330 335 

cga teg ggc ctg gag gtg ctg ttc cag ggc ccc gga agt act nnn gcc 
Arg Ser Gly Leu Glu Val Leu Phe Gin Gly Pro Gly Ser Thr Xaa Ala 
340 345 350 



tec acc ctg aac ctg ctg acc gcc cgc tec aac gcc cag cgc cag cag 
Ser He Leu Asn Leu Leu Thr Ala Arg. Ser Asn Ala Gin Arg Gin Gin 
385 390 395 400 

ate gcc gag gag ttc aag acc ctg ttc ggc cgc gac ctg gtg aac gac 
He Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val Asn Asp 

405 410 415 

atg aag tec gag ctg acc ggc aag ttc gag aag ctg ate gtg gcc ctg 
Met Lys Ser Glu Leu Thr Gly Lys Phe Glu Lys Leu He Val Ala Leu 
420 425 430 

atg aag ccc ccc cgc ctg tac gac gcc tac gag ctg aag cac gcc aag 
Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu Lys His Ala Lys 
435 440 445 

ctg ggc gcc ggc ace gac gag aag gtg ctg acc gag ate ate gcc tec 
Leu Gly Ala Gly Ihr Asp Glu Lys Val Leu Thr Glu He He Ala Ser 
450 455 460 

cgc acc ccc gag gag ctg cgc gcc ate aag cag gcc tac gag gag gag 
Arg Thr Pro Glu Clu Leu Arg Ala He Lys Gin Ala Tyr Glu Glu Glu 
465 470 475 480 
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tac cag cgc atg ccg gtg gtg ctg ctg cag gcc aac cgc gac ccc gac 
Tyr Gin Arg Met Leu Val Val Leu Leu Gin Ala Asn Arg Asp Pro Asp 
500 505 510 

acc gee ate gac gac gcc cag gtg gag ctg gac gcc cag gcc ctg ttc 

Thr Ala He Asp Asp Ala Gin Val Glu Leu Asp Ala Gin Ala Leu Phe 
515 - 520 525 

cag gcc ggc gag ctg aag tgg ggc acc gac gag gag aag ttc ate acc 

Gin Ala Gly Glu Leu Lys Trp Gly Thr Asp Glu Glu Lys Phe He Thr 
530 S35 540 

ate ctg ggc acc cgc tec gtg tec cac ctg cgc cgc gtg ttc gac aag 
He Leu Gly Thr Arg Ser Val Ser His Leu Arg Arg Val Phe Asp Lys 

545 550 555 560 

tac atg acc ate tec ggc ttc cag ate gag gag acc ate gac cgc gag 

Tyr Met Thr He Ser Gly Phe Gin He Glu Glu Thr He Asp Arg Glu 
565 570 575 

acc tec ggc aac ctg gag aac ctg ctg ctg gcc gtg gtg aag tec ate 

Thr Ser Gly Asn Leu Glu Asn Leu Leu Leu Ala Val Val Lys Ser He 
580 585 590 

cgc tec ate ccc gcc tac ctg gcc gag acc ctg tac tac gcc atg aag 

Arg Ser He Pro Ala Tyr Leu Ala Glu Thr Leu Tyr Tyr Ala Met Lys 
595 600 605 

ggc gcc ggc acc gac gac cac acc ctg ate cgc gtg ate gtg tec cgc 

Gly Ala Gly Thr Asp Asp His Thr Leu He Arg Val He Val Ser Arg 
610 615 620 

tec gag ate gac ctg ttc aac ate cgc aag gag ttc cgc aag aac ttc 

Ser Glu He Asp Leu Phe Asn He Arg Lys Glu Phe Arg Lys Asn Phe 

625 630 635 640 

gcc acc tec ctg tac tee atg ate aag ggc gac acc tec ggc gac tac 

Ala Thr Ser Leu Tyr Ser Met He Lys Gly Asp Thr Ser Gly Asp Tyr 
645 650 655 

aag aag gcc ctg ctg ctg ctg tgc ggc ggc gag gac gac taa taa taa 
Lys Lys Ala Leu Leu Leu Leu Cys Gly Gly Glu Asp Asp 
660 665 



<210>6 
<211>669 
<212> PRT 

<213> Artificial sequence 
<220> 

<221 > mlac_feature 
<222>(15)..(15) 

<223> The 'Xaa' at location 15 stands for Ser. 



<220> 

<221 > miscjeature 
<222> (334).. (334) 

<:223> The 'Xaa' at location 334 stands for Lys, Asn, Arg, Ser, Thr, lie, Met, Glu, Asp, Gly, Ala, Val, Gin, His, Pro, 
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Leu, a stop codon, Tyr, Trp, Cys, or Phe. 
<220> 

<221 > miscjaature 
5 <222> (351)..(351) 

<223> The 'Xaa' at location 351 stands for Lys, Asn, Arg, Ser, Thr, tie. Met, Glu, A^, Gly, Ala, Val, Gin, His, Pro, 
Leu, a stop codon, Tyr, Trp, Cys, or Phe. 

<220> 

10 . <223> modified an nexin gene 
<:220> 

<221> misc_featijre 
<:222> (45)..(46) 
IS <:223>n = a, c, g, ort 

<220> 

<221> miscjeature 
<222> (1000)..(1002) 
20 <223> n = a, c, g, ort 

<220> 

<221> miscjeature 
<222> (1051). .(1053) 
^ <223> n = a, c, g, ort 



Met Asp Tyr Lys Asp Asp Asp Asp Lys Leu Ala Ala Ala Asn Xaa Ala 
15 10 15 

Leu Arg G]y Thr Val Thr Asp Phe Ser Gly Phe Asp Gly Arg Ala Asp 
20 25 30 

Ala Glu Val Leu Arg Lys Ala Met Lys Gly Leu Gly Thr Asp Glu Asp 
35 40 ' 45 

Ser He Leu Asn Leu Leu Thr Ala Arg Ser Asn Ala Gin Arg Gin Gin 
50 55 60 

lie Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val Asn Asp 



Met Lys Ser Giu Leu Thr Gly Lys Phe Glu Lys Leu lie Val Ala Leu 
8S 90 95 



Leu Gly Ala Gly Thr Asp Glu Lys Val Leu Thr Glu He He Ala Ser 
115 120 125 
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Arg Thr Pro Glu Glu Leu Arg Ala lie Lys Gin Ala Tyr Glu Glu Glu 
130 ' 135 140 



Tyr Gly Ser Asn Leu Glu Asp Asp Val Val Gly Asp Thr Ser Gly Tyr 
145 150 155 160 



Gin Ala Gly Glu Leu Lys Trp Gly Thr Asp Glu Glu Lys Phe He Thr 
195 200 205 



He Leu Gly Thr Arg Ser Val Ser His Leu Arg Arg Val Phe Asp Lys 
210 215 220 



Tyr Met Thr He Ser Gly Phe Gin He Glu Glu Thr He Asp Arg Glu 
225 230 235 240 



Gly Ala Gly Thr Asp Asp His Thr Leu He Arg Val He Val Ser Arg 
275 280 285 



Ser Glu He Asp Leu Phe Asn He Arg Lys Glu Phe Arg Lys Asn Phe 
290 295 300 



Ala Thr Ser Leu Tyr Ser Met He Lys Gly Asp Thr Ser Gly Asp Tyr 
305 310 315 ■ 320 
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Ala Glu Val Leu Arg Lys Ala Met Lya Gly Leu Gly Thr Asp Glu Asp 
370 375 ' 380 



Tyr Gin Arg Mec Leu Val Val Leu Leu Gin Ala Asn Arg Asp Pro Asp 
500 .505 510 



Gin Ala Gly Glu' Leu Lys Trp Gly Thr Asp Glu Giu Lys Phe lie Thr 
530 535 540 



He Leu Gly Thr Arg Ser Val Ser His Leu Arg Arg Val Phe Asp Lys 
545 550 555 560 



Thr Ser Gly Asn Leu Glu Asn Leu Leu Leu Ala Val Val Lys Ser lie 
580 5S5 590 



Arg ser He Pro Ala Tyr Leu Ala Glu Thr Leu Tyr Tyr Ala Met Lys 
595 600 60S 



Gly Ala Gly Thr Asp Asp His Thr Leu He Arg Val He Val Ser Arg 
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€10 615 620 



Ser Glu lie Asp Leu Phe Asn lie Arg Lys Glu Phe Arg Lys Asn Phe 

625 630 635 640 



Ala Thr Ser Leu Tyr Ser Met lie Lys Gly Asp Thr Ser Gly Asp Tyr 
645 650 655 



Lys Lys Ala Leu Leu Leu Leu Cys Gly Gly Glu Asp Asp 
660 665 



<21 0> 7 
<211>30 
<212> DNA 

<213> artificial sequence 
<220> 

<223> primer 
<220> 

<221 > mlscjeature 
<222> (1)..(30) 
<223> primer 

<400> 7 

acctgagtag tcgccatggc acaggttctc 30 

<210>8 
<211>36 
<212> DNA 

<213> artificial sequence 
<220> 

<223> primer 
<400> 8 

cccgaattca cgttagtoat cttctccaca gagcag 36 

<210>9 
<211>B 
<212> PRT 

<213> Artificial sequence 
<220> 

<223> purification tag 
<400> 9 



Asp Tyr Leu Asp Asp Asp Asp Leu 
1 5 



31 



Claims 



EP 1 379 266 B1 



1. A pharmaceutical composition comprising an antithromboticaily effective amount of an isolated modified annexin 
protein consisting essentiaily of a first annexin protein coupled to a second annexin protein via a fusion segment. 

2. Use of a modified annexin protein consisting essentially of a first annexin protein coupled to a second annexin 
protein via a fusion segment for ttie manufacture of a medicament for treating or preventing thrombosis. 

3. The use of claim 2 for the treatment or prevention of coronary thrombosis. 

4. The use of claim 2 forthe treatment or prevention of acondltlon selected from the group consisting of overt cerebral 
thrombosis and transient cerebral ischemic attack. 

5. Tt\e use of claim 2 for the treatment or prevention of venous thrombosis associated with a surgical operation. 

6. The use of claim 2 forthe treatment or prevention of arterial thrombosis In diabetic patients. 

7. The use of claim 2 for the treatment or prevention of thrombosis associated with a condition selected from the group 
consisting of pregnancy and parturition. 

8. An isolated nucleic acid molecule selected from the group consisting of: 

a) an isolated bacterial nucleic add molecule comprising a nucleic acid sequence encoding a protein selected 
from the group consisting of: 

i) .SEQ !D NO:6;and 

ii) a protein having at least 95% sequence identity to SEQ ID NO:S; and 

b) a nucleic acid molecule which Is fully complementary to any said nudeic acid molecule recited in a). 

9. The nucleic acid molecule of claim 8, wherein said nucleic acid molecule comprises SEQ ID N0:4. 

10. A recombinant molecule comprising a nucleic acid molecule according to claim 8. 

1 1 . A recombinant cell comprising a nucleic acid molecule according to claim 8. 

12. Amethod ofproducingamodifledannexin protein, comprising culturingthecellof claim 11 underconditionspermitting 
the production of said modified annexin protein, and recovering said modified annexin protein from said culture. 



Patentanspmche 

1. Pharmazeutische Zusammensetzung enlhaltend eine antithrombotisch wlri<same iWenge eines Isolierten modifizier- 
ten Annexinproteins, das im wesentlichen aus einem ersten Annexinprotein besteht. das mit einem zweiten Anne- 
xinprotein ilberein Verbindungssegment verbunden ist. 

2. Venwendung eines modlflzlerten Annexinproteins, das im wesentlichen aus einem ersten Annexinprotein besteht, 
das Dber ein Verbindungssegment mIt einem zweiten Annexinprotein verbunden ist, zur Herstellung eines Medika- 
ments zur Behandlung oder Verhlnderung von Hirombose. 

'■ 3. Venwendung nach Anspruch 2 zur Behandlung oder Verhlnderung von koronarer Thrombose. 

4. VenA^endung nach Anspruch 2 zur Behandlung oder Verhlnderung eines Zustands, der aus der Gruppe bestehend 
aus offener Hirnthrombose und transitorlsch-ischamischer Hirnattacke ausgewShlt 1st, 

5. Venivendung nach Anspruch 2 zur Behandlung oder Verhlnderung von venGser Thrombose, die mlt einer Operation 
verbunden ist. 
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6. Verwendungsanspruch 2 zur Behandlung Oder Vertiinderung von arterieller Thrombose bej dlabetischen Patlenten. 

7. Verwendung nach Anspruch 2zur Behandlung Oder Verhinderung von Thrombose, die mit einem Zustand assozllert 
ist, der aus der Gruppe bestehend aus Schwangerschaft und Geburt ausgewShlt ist. 

8. Isoliertes Nukleinsauremolekul. das aus der Gruppe ausgewahit ist, die besteht aus: 

(a) elnem Isollerten bakteriellen Nuklelnsfturemoleltui, das eine Nukleinsaursequenz enthSIt, die ein Protein 
oodiert, das aus der Gruppe ausgewflhlt 1st, die aus 

(i) SEQ ID N0:6 und 

(ii) einem Protein besteht, das mindestens 95 % Ssquenzidsntit^t mit SEQ ID NO: 6 aufwelst, und 

(b) einem NukieinsauremolekQI, das vollstandig komplementSr zu einem der unter(a) genannten Nuklelnsau- 
remolekCile ist. 

9. Nuldeinsauremolekul nach Anspruch B, bei dem das Nukleinsauremolel^l die SEQ ID N0:4 enthait 

10. RekombinantBs MolekQl, das ein NukieinsauremolekQI gemaf3 Anspruch 8 enthait. 

11. Rekombinante Zella, die ein NuklelnsfluremolekQI gemSB Anspruch 8 enthalL 

12. Verfahren zur Herstellung eines modifizierten Annexinproteins, be! dem man eine Zelle gemaR Anspruch 1 1 unter 
Bedingungen kultiviert, wetehe die Produklion des modifizierten Anneixinprotelns geslatten, und man das modiRzierte 
Annexinprotein aus der Kulturgewinnt. 



Revendications 

1. Composition pharmaceutique comprenant une quantity anti-thrombolytiquement efficace d'une proteine annexine 
modifiee isoiee constituee essentiellement d'une premiere proteine annexine couplee a une seconde proteine an- 
nexine via un segment de fusion. 

2. Utilisation d'une protSine annexine modlff6e constlUJie essentiellement d'une premiSre proteine annexine couplee 
a une seconde protSine annexine via un segment de fusion pour la fabrication d'un mddicament pour trailer ou 
prevenir la thrombose. 

3. Utilisation selon la revendicatlon 2 pour le traitement ou la prevention de la thrombose coronaire. 

4. Utilisation selon la revendicatlon 2 pour le traitement ou la prevention d'un etat choisl dans le groups constitue par 
la thrombose c6r6brale manifesle et I'attaque ischemique cerebrate transitoira. 

5. Utilisation selon la revendicatlon 2 pour le traitement ou la prevention de la thrombose velneuse associee a une 
operation chirurgicale. 

6. Utilisation selon la revendicatlon 2 pour le traitement ou la prevention de la thrombose artdrlelle chez les patients 
diab^tiques. 

7. Utilisation salon la revGndlcation 2 pour le traitement ou la prevention de la thrombose associde ^ un 6tat choisi 
dans le groups constitud par la grossesse et I'accouchement. 

8. Molecule d'acide nucleique isoiee choisie dans le groups constltud per : 

a) une molecule d'acide nucleique bacterienne isoiee comprenant une sequence d'acide nucleique codant une 
proteine choisie dans le groupe constitue par : 



i) la SEQ ID n° 6 ; et 

11} une proteine ayant au moins 95 % d'identlti de sequence a la SEQ ID n" 6 ; et 
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b) une molecule d'acide nucleiqus qui est entldrementcomplementaire a une quelconque dite molecule d'acids 
nucleique citee dans a). 

9. Mol6cuie d'acide nucleique selon la revendication 8, oCi ladlte molecule d'acide nucleique comprend la SEQ ID n° 4. 

10. Molecule recombinante comprenant une molecule d'acide nucleique selon ia revendication 8, 

11 . Cellule recombinante comprenant une molecule d'acide nucleique selon la revendication 8. 

12. Precede de production d'une proteine annexine modifiee, comprenant la culture de la cellula selon la revendication 
1 1 dans des conditions pemnettant la production de ladite proteine annexine modifiee, et la r6cup6ration de ladite 
proteine annexine modifiee de ladite culture. 
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